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NICKEL BASE ALLOYS

ALLOY 718

H. J. Wagner, R. S. Burns, T. E. Carroll, and R. C. Simon*

ABSTRACT

The DTC Handbook on Alloy 7i% is 3 compilation of available data
and information covering the metallurgy, manufacturing, applications, and
mechanical properties of this nickel-base heat-resistant alloy. Much of the ¶

textual matter has been condensed from reports and literature received from
b-th the producers and the users of this alloy and covers subjects such as
melting, forming, welding, metallography, and others of interest to the user.
Mechanical properties are presented for each of the product forms and con-
ditions in which this alloy is used and both original a,.nd digested data are
included for tensile, fatigue, creep-rupture, and other properties.

"Mr. Wagner is Chief of the Specialty Alloys Division; Messrs. BurnN and
Carroll are Information Snecialists, and Mr. Simon is an Information
knalvst, in the Information Operations Division. Battelle Columbus
Laboratories, Columbus, Ohio.
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I NTRODUCTI ON

Alloy 718 is a wrought nickel-ba-e ailoy which was initially
intended for Uasc up to about 1300 F. it differs from the 1500 to 1800 F
nickel alloys in that (1) columbium is substituted for much of the
aluminum and tilanium and (2) 19 percent iron is substi~uted for most of
the molybdenum and all of the cobalt. The effect of these differences is
to iedice the high-temperature strength with a corresponding increase in
w,-ldabi litv.

A variety of heat treatments and compositional variations have
been used to achieve specific optimum properties such as:

1. Short-time high-temperature tensile strength
2. Stress-rupture strength
3. Notch tensile strength
4. Fatigue strength
5. i'eldabi lity.

In adCition, it was discovered that, when properly processed,
Alloy 718 has aseful cryogenic properties down to -423 F.

Variations in heat treatment and composition and other physical-
metallurgy details of Allov 718 are fully discussed in DMlC Report 217 by
Wagner and Hall.

Since DMIC issued Report 217, a considerable quantity of property
data on Alloy 718 have been extracted and tabulated. The primary purpose of
this !handbook is to make these data available for general dissemination. Much
of the informaticn on physical metallurgy was taken from Report 217, and
condensed and repackaged to fit the Handbook format.

i ii N
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MELTINGF
Nickel-base alloys are more difficult to

Alloy 718 is usually vacuum melted. Pro- forge than are steels. They require more care
cedures employed include Ca) induction melting in during initial breakdown (because of lesser ductil-
air followed by consumable-electrode vacuum-arc ity), they require higher pressures (up to twice
remelting, or (b) vacuum-induction melting (some- those for steels), and their hct-working tempe•.r-
times followed by consumable-electrode or vac"n.- ature range is narrower than that for steelj. In
induction renelting). Vacuum melting prevents un- addition, nickel-base allofs are damaged by con-
controlled losses of easily oxidized elements such tamination with sulfur.
as Ti and Al and removes gaseous impurities,
thereby permitting ?tricter control of final com- As for other difficult-to-forge mat.,tials,
position. All of these factors result in more con- the initial forging operations on nickel-base alloys
sistent properties than can be obtained by air are made up of light reductions and frequent re-
melting. Consistently better 100-hour creep- heating. This precaution is required until the
rupture strength is usually obtained over tha coarse, as-cast grain structure has been broken up
entire temperature range of importance by employing and the alloy gains some degree of tourhness. Sub-
vacuum melling techniques. sequent working permits the use of greater pres-

sures and greater reduction between reheats.
Consumable-electrode vacuum-arc melting

volatilizes impurities and also breaks down and Control of forging temperature is very
disperses nonmetallic inclusions. Segregation important. The upper end of the forging range,
and unsoundness at the center of the ingot are around 2200 F, is limited by incipient melting
reduced, resulting in improved hot-working char- ("hot-shortness") above this temperature. The
acteristics, particularly when vacuum-induction- lowur end, around 1600 F, I- Just above the temper-
melted ingots are employed as electrodes for re- ature range at which precipitation hardening occurs.
melting by the consumable-electrode vacuum-arc pro- During initial forging, the temperature should be
cess. maintained in the upper portion of the 1600-2200 F

range to avoid cracking of the ingot, and frequent
Ref: * 62553, 66882 reheating is required. After the as-cast structure

has been broken up, the workpiece temperature may
CASTING be allowed to drop to 1600 F before reheating. The

Although Alloy 718 is used primarily in finish temperature for the last forging pass should
wrought forms, the alloy is also used in the form be near the lower end of the forging range. During
of castings. The compositior is the saoe as that the intermediate stages of forging, reductions be-
of the wrough.t alloy, and the alloy is usually tween heats should exceed 10 percent, in order to
vacuum melted. Itf weldability makes it useful in produce a fine wrought structure. The reduction
the construction of cast assemblies such as jet- following the last reheat should range between about
engine frames. 15 and 30 percent. Finishing at too low a temper-

ature or with too little reduction leads to undesir-
Alloy 718 Is one of a number of super- able grain growth during subsequent heat-treating

alloys for which precision casting methods are operations.
currently under study. The objective of an Air
Force-sponsored program at the American Broke Nickel-base alloys are damaged by con-
Shoe Company is to precision cast a full-scale tamination with sulfur. Some furnaces contain
jet-angine turbine disc and a full-scale aircraft sulfur-rich scale from previous heating cycles or
fin beam. use reducing atmospheres with enough sulfur to be

harmful. The recomeended practice Is to support
Ref: 62553, 66882, 67431, Preliminary information the billet or preform on clean brick or a plate of

reported by American Brake Shoe Company, a heat-resistant alloy and to use natural gases or
Mahvah, New Jersey, under an Air Force low-sulfur oils as furnace fuels. Slightly vxldiz-
Contract. ing conditions are recommended to reduce sulfur

pickup from furnace atmospheres.

METALWOgXING During forging of nickel-base alloys, a
lubricant is necessary between the part and die

Alloy 715 is worked in much the saoe to reduce their natural tendency to seize and gall.
manner as other wrought nickel-base alloys. The Typically with steels, the natural oxide formed
following sections, covering forging, rolling, upon heating serves as a parting agent; however,
extrusion, and form-rolling are generally appli- with the oxidation-resistant nickel-base alloys. a
cable to all wrought nickel-base alloys, parting agent must be introduced mechanically.

_ . ...____Lubricants and parting agents containing sulfur are
*References are listed in the Appendix.

Oefense Metals Information Center - Battelle Memor-stl Institute 'Columbus, Ohio 43201
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undesirable. The most comionly used lubricants are lubrication, glass serves as an insulator between
mixtures of graphite and oil. Other materials that the tools and the hot billet during extrusion.
have been used with varying degrees of success are Excessive overheating of tools does not occur,
glass, mica, sawdust, znd asbestos. These materi- tool life is increased, and die costs are reauced.
als also help to minimize the chilling effect of
cold dies. The key to the successful extrusion of

nickel-base alloys is accurate, close controt of
l hot-working temperature. Thus, transfer times

between the furnace and the extrusion press must
The starting billets for hot rolling be minimized to avoid heat lots. Also, the speed

include forged slabs fci flat pr2ducts and forged of extrusion must be controlled so that overheating
rounds, squares, and octagons for rods, bars, does not result from the heat of deformation that
and shapes. These billets require careful surface is generated during extrusion.
conditioning (grinding or machining) before the
start of rol!ing and frequently betweev rolling Whenever possible, the extruded oroduct is
passes to minimize the initiation and growth of quenched after extrusion to remove any adhering
surface flaws. glass. Some untwisting or straightening may be

required. The extrusion process has been used
Plate down to 3/8-inch thick is usuulJy hot extensively in the production off seamless tubing

rolled on three-high hand mills. In the eav'ly from nickel-base alloys. Simple shapes, such as
stages, cross rolling may be utilized to ditain the engine rings, have been extruded from a variety of
desired width and to reduce directionality in the nickel-base alloys.
finIsh:.. product. Plate intended for rerolhing
is tisen pickled and shot blasted to produce a Work is currently being done by TRW Inc.,
clean surface. to develop a terhnology for the ertrusion of super- \./

alloys to stru'tural shapes; Alloy 718 is included
Rolling of sheet dow• to about 0.014S-inch among the materials being studied. The program is

thickness is done either hot or cold on two-high designed to define the process limits for the ex-
mills. Further reduction Is done cold. Cold trusion of superalloy shapes from cast ingots and
rolling enhances the mechanical pis.perties, im- to providi an economic appraisal of the process
proves surface finish, and permits closer control developed. A ring flange used in the outer-motor-
of sheet thickness. Sliei down to 0.OCS or 0,010- case combustion section of a jet engine was selected
inch thickness, with widths up to 36 Inches, are as the part for the extrusion-process development.
rolled cold on a Sendzimir mill.

Ref: 62SS1, 6682, Prelimln.Wry information report-
Typical fabrica.ion schedules for the pro- ed by TRW, Inc., Cleveland. Ohio, under an

duction of hot-finished bar and rod products in- Air Force Contract
volve hot rolling of forged bars to 2-1/.-inch
gothic% on a 24-inch mill, followed by surface
conditioning and further hot rolling on a 10-inch Cold Drawing
mill, down to 5/16-inch rod. Rod intended fir
later cold drawing into wire is usually coiled at Nickel-base alloys can be cold drawn into
this size. rod, wire, and tubular products. The starting pro-

ducts for the above are annealed, descaled, and
lhot-rolled sheet and plate are generally pickled bars. rods, and extruded tube hollows.

heat treated after rolling, then descaled in a hot
caustic bath. After being descaled, they are The larger sizes are finished on a standard
pickled In a hot, strong acid to provide a smooth, drawbench. Smaller sizvs of rod and lsrge-diameter
bright finish. Plate is flattened by roller level- wire are drawn on revolving bull blocks. Very fine
Ing, then sheared to finish size. Sheet products wire, down to 0,001-inch diameter, is produced on
are stretch-straightened before being cut to size. high-speed, multiple-die drawing machines, using
tiot-finished bar products ire generally centerless diamond dies submerged in oil.
ground after heat treating and straightening. Cold-
drawing stock is heat-treated, descaled, and pickled. A variety of lubricants are utilized in

drawing. Durkng early stages, lead and copper
Extrusion coatings are also used freqintly.

lot extrusion is emplo/ed for the production In wire drawing, reductions as high as 4C
of long sections from machine-turned Ingots or percent can be taken before Intermediate annealing
forgingS. All extruders employ the Sejournet glass is required. To prevent scaling, the wire is
process, using procedures similar to those developed annealed in a "bright" annealing furnace, utilizing
for extruding steel. Besides providing effective an atmosphere of cracked amao.ia and hydrogen.

Defer !e Metals Information Center - Battelle Memorqal Irntitute o- Clumbus, Ohio 43201
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Fo'rm RollIing Mi crostructure

Engelhard Industries Is presently engaged The microstructure~ of Alloy 713 is quite
in a program to develop and prove economical manu- complexc and is-influenced highly by h-'at treaitment'l
facturing techniques for form-rolling closc- and compthiltion.
tolerance shapes from superalloys. Alloy 718 Is one
of the a~loy% b.~ing studied. Configurations in Two featurus't of the as-cait structurv cani
which these alloys are being formed include E, T, be retained in-the wrought alloy, uind I".' ! ...
and L sections. a strong htfluence on the resulting me'ýhanical !,r-('

pertieo. The -typical dendritic structure of thty
Ref: 66076, Preliminary Wnormation reported by -ss-casit Ingot can be broken up through p.'oper hot

Engelhard Industries, Inc., Attleboro, working. A Lavis phase appears to be related to
Massachusetts, un~1ee an Air Force Contract. allo'/ compositiou~. It has been. Identified-with

the appearance of "freckles" in thc as-virought
matrix and is fowsid to be detrimental to %1cld

?4ETALLOGRAPIIY strength and ductility. The Loves phase is

Sample rPuparstiai. Jsomorphous with Fe2Ti.
The zntrix of wrought Alloy 718 is rface

The preparation of samples for metf~o- centered cubic structure. Two rhases are suhJert
graphic examination iollowb standard tet~hniques, to prcipitation during aging, dependent on the'
.'or ma,.roexamitration, grinding on a surface grinder aging temperature nnd time. The prcferrcd pre-
or coarue emery belt is usually adequate. Etchin% cipitate, called "gauss prime", Is formed on aghpQ involves Imersion in, or flooding with, Lepifuti.s at 2300 to 1400 F. This phase Is a metastable
etchant or hydrochloric acid-peroxide etchant body-centered tetragonal (NI V) structure corrc-
(see below). Macroetching is accelerated by pro- sponding to Ni3(Cb, Mo. Al, 41). Overaging, or
nestin~g the sample in hot water before2 etching. aging at higher temperatm'res. causes thc trans-.

formaflion &f this phase to a more stable ortho-
Freparation for microaxazination requires rhombic (NI30b) phase.

careful polishing with progressively finer gritq,
usua~l l, with final polishing on a microcloth- or The optimum precipitation of thei rrcfcrred
duracloth-covertd wheel using a watter suspension gomma-prIme constituent Is aeccomplished by agingt
of gamma alumina. After thi polishing, the for a s'rort time (8 to 10 hours) at 1300 to 1400 r,
surface Is etched electrolytically with chromic acid followed Pty subsequent aging at lower temperaturcs.
for grain-boundary examinattion.

Ref: 64273

Etching

Etchant compositio"Cs) Remarks

Lepito'i. 15 --rams (?0yS0, In 7S al H1, Etch ing time 30-120 seconds.
250 grdms Fe'.13 In 100 2ml IC Macroetch for general sur-
Mix and add 30 al JJ3~O face condition andS weld

structure.

Perovcide- it702 (30%1 -- I part Must be freshly mixed. Use
Hydrochloric IIrl 2 parts hot water to speed reaction.

1120 3 parts Any stains formed may be re-
moved with 501 WI03. Macro-
etch for revealing grain
structure.

Chromic acid Cr03  -- gran Electrolytic microetch for
"F20 ]DO al grain boundaries. Use 0.2

to 0.5 amp/sq cm curient for
IS to '30 seconds. MIake speci-
men anode with a platinum or
lncanel 600 cathode.

(a) lii. concentrated acids.
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Base Material: N1ckel 1-4

ai lod~ Metal or Al aY: A11oy 718h n Subjeci: Metallurgy 
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PHYSICAL METALLURGY

That is, to obtain Yfiaxirmtn stre-gthening it is Strengthening Mechanism
necessary to precipitate as mu'cl gawma prime as
possible with.it t:'ansfoining to the orthorhombic The crystallographic nature of the gamma-
\i 3 Cb phase Thus, lo,,'Y aging is required. prime constituent and its role in strengthening

Alloy 718 have been studied recently by Cometto.
The individual ganna-prilne particles are The following summarizes his findings.

disc-shaned and !,c un the (10J) planes of the
matrix, with their coaxes perpendicular to these Gamma prime, as its name implies, is
planes The following lattice constants are re- similar in many ways to the face-centered cubic
ported for the gamma-prime phase, for material aged (gamma) matrix from which it forms. The only
at 1400 F for 10 hours, farnace cooled to 1200 F, difference, in fact, is that gamma prime more
and aged an additional 8 hours: nearly approaches the stoichiometri- ratio A3B,

resulting in ordering of the atomic positions
ao - 3.624 Angstrom units and a slight distortion of the lattice.

o- 7.406 Angstrom units The A3B-type intermetallic compounds can
be classified according to the way the atoms are

Ref: 61368 ordered. The type A layers can occur in four
different stacking sequences, and Type B layers in
two different stacking sequences, giving six dif-

CORROSION ferent types of crystal structure or families of
compounds. TaLle 1 shows these compoLnd types and

Alloy 718 was considered a candidate ma- the corresponding nickel intermetallic conpounds.
terial for an application involving piping of hot, It was found that Alloy 718 precipitates a metastable
flohing, nitrogen tetroxide (N204 ). Tests by the gamma-prime phase based on the Ni 3CL composition,
Acrojet-General Corporation determined that Alloy bu: with a body--centered tetragonal Ni3V structure. -

718 showed no general corrosion in the presence of
N204 ; however, the material did show an inter- Table I. Stacking Arrangements in Close-Packed
gianular corrosion attack, as illustrated by Ordered A3 B Structures
photomicrographs in Aerojet-General Report No.
DV'R 64-365. Stiucture Nickel Layer Stacking

Ref: DLMIC 59644 Type Compound Type Sequence

Cu3 Au Ni 3 Al A abcabc ...

STRESS CORROSION Ni 3Ti :,i 3Ti A abacabac ...
Cd3Mg -- A abab ...

Al!ov 718 (aged) specimens were subjected to Al 3Pu -- A abcacbabcacb ...

a series of tests to determine their susceptibility Cu3Ti Ni 3Cb B abab* ...

to stress corrosion. Results showed that this alloy Al-Ti Ni3V B abcdef* ...

was imrurý,e to stress corrosion when under the

following testing conditioins: 'Neglects sligh* distortion.

(1) Alternate imiersion (1000-hr duration) The atoms of the Ni.AI and NiV compounds
at 90 percent TYS in synthetic sea- occupy cssentially the same lattice sites as the
water atoms in the gamma solid solution. On the othvr

hand, compounds such a, NiTi (hexagonal structure)
(2) Salt spray (5 percent concentrition, and Ni 3Cb (orthorhambic CuW31 structure) require a

1000-hr duration) at 90 perceýnt rYS of complc:e rearranoemerit 01 atom sites as well as
unnotchcd specimens composition changes in orier to precipitate from

a face-centered cubic matrix.
(3) Alternate itmr.ersion (500-hr duration)

in -ynthetic seawater at 80 rercent of Conetto'% analysis has shed considerable
notched tensile strtngth of precr:ikcd light on the gaR..a-prime strengthening mechanismr
sec'rcni thai had btien hra:e-Cvcle in Alloy -18. It can be usce to ext'lain why the
hr't treated, thtn %-ldel (precrack double-aging treatment results in highe- strength
located in ccnler of keld. i,'rrnal • than the single aging. Apnarer.tiv. to get maxinum _

,Fplred load). strenithcni.1q. it is neces'.±r' to rrecipitate as
nuch ga-ra pri-c, a5 noso!oi. . .ithott overaging.

Pc.: •'ic " tInAt i%. ', 'out rransfor•inK frmm -. t: bo,!d-ccnter-do
tetragun-i ca!-ra 'rinc to thy orthoroneic NieCb.
High t,----,rAturc, and lonk tin-,i favoi -he latter.

3 N1 .1,3' 1
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NACHINIMforming. trwpp~d-rubber forming. stretch forming.
tube forming, ril forming and bending, dimpling,

Machining of Alloy 71.8 can be accomplished joggling, blanking. and sizing. Most nickel-base
readi ly in aither the annealed on age-hardened alloys can be worked at both room and elevated tem-
conoition. The alloy wili give a slightly longer poratures. The Lot-working temperatures are serar-
tool life in the annealed condition. Better chip ally higher than those used for steel because the
action on breaker tools and a better finish can be materials retain their strengths to higher tem-
obtained when the alloy is in the age-hardened con- peratures. Reference 62551 presents an excellent
dition. state-of-the-art summary of deformation processing

of nickel-base alloys.
Table 1 lists the recommended speeds for

machining the alloy with high-speed-stootl tools. At the present, comprehensive information
Table 2 presents typical lathet-turning tool di- on the primary &,-d secondary forming characteris-
meonsions. In general, the tooling and pro- tics of Alloy 718 is not readily available. How-
cedures used in machining Alloy 718 are similar to ever, total-elongation, uniform-elongation, and
tViose used for Inconel X-750. bend tests, conducted by McDonnell Aircraft Corp..

indicate that the alloy Possesses good formability
The Air Force Machinability Data Center, char~cter13tiCS in the annealed condition. Guerin

located at Metcut Research Associates. Cincinnati, rubber-foi'ming and impact rubber-forming tests, also
Ohio, can be contacted for more specific informa- conducted by McDonnell, have indicated that in the
tion In the machining of Alloy 718. annejled condition Alloy 718 4s readily formable

using standard production rubber-forming techniques.
Reference 62548 presents a good state-of- Very little restriking and hand working would beO the-art sumwry on the machining of nickel-base required to produce parts to production tolerances.

0 alloys. Typical results of the forming tests are presented
in Table 3.

Table 1. speeds (FPP) for HwAlainag with H.S.S. Tools Miniman bend radii of 0.031 inch and 0.047
inch were obtained for 0.048-inch, annealed sheet

Thrading sad specimens bent perpendicular to and parallel to the
Tu.ri.1 (&.b) e0 1 1 1 1 1 5 (c) p~~ngJ M~llll.,') ToW~pa rolling direction of the sheet, respectively. The

15-2 1520 734 S-ZOs-atypes of failures normally experienced in sheet-
IS-20 IS-2 7-1 IS-0 s4forming processes are show'n in Table A.

(a) use ratihing feeds of 0'.010 to 0.01S inch per . V iutlon
(i.p.r.). McDonnell Aircraft Corp. has also con-
Fifiahsbag feeds are governed &y desired finish. ducted tests to det!!rmjne the room-temperature

(b) Operate at 60 to 100 feet per minute with cama ad carbide dimpling characteristic,. of aged 0.045-inch Alloy
tools with i'eeds of 0.00S to 0.Ol4 l.P.r. crade C-2 tools 78 h ipigortoswr odce e
aer suitable. 1.Tedmln prtoswrcnutdpr

(c) Us* feeds proportional to drill diaester PS 1901S to determire if the taterial could be
1/16 to 1/4 is. die..----0.0005 to 0.002 I.p.t. dimpled for S/32 IU-S~iear rivets and 1/4-inch
1/6 to 3/4 is. diea..---0.002 to 0 004 i.P.r. standard scrrws. !t was determined that adequate
3/4 to 2 it. die.........0. 004 to 0.OOA J. p.r.

(4) Remalg feeds a&e abevt three use the feed moed for a dimplinq could not be performed at roomtmperature
drill of the sam siza. and that elevated u.. eraturos would bý; required to

C)U"a a feed of 0.001 to 0.006 lach per tooth. chtain dimples of acceptable qualitv for the
sheet-thickness. fastener-si,.ec- m.*natiofts evalu-

F004INC

Xickel-base alloys have be"n fabricated
both by primary and seconJary forming techniques
that are similar to those used for the forming of 3'slolt
stainless steels. Methods currently employed for
primary fabrication of these alloys include rol ling. L.Mited data 0r0 the dimipling Of Allov TIN
extrusion. forging. and drawing of tL*e. rod. and are recorded in a report ty the VlcDonrell Airc-aft
wire. Secondary aetal-forming oporttions are corporation. T~his rvi'rt 'utsieA that attempt* toI) those promesses that produce finished or semi- form dimples in 0.0J5-inch-thicl 'tllcv -11 sheet

finish&4 parts from sheet, bar, or tubing. The for G,. :S-inch -di ameter sttndar-.i 'crrwt and 0.156-
room-temperature ductility of most nickel-base inch 1!i-ShJear rivetst won, unsuccessful owing to
alloys coapares with that of stainless steels. and c~rcumforential tension cracks .and excessive in-
secondary working can usujallv be carried out with ternal shear flow.
conventional processing technique%. These techni-
ques include the following: broke bending. deep Mhe elongation charzicter~stics cf Alloý-
drawing, %pinning aind shear forming. dror-haner '15 in the IUA condition ar" similar to P~en; All

Def3nse Metals Infor-metion Center -Battelle Memcorisl institute -Ccoiumbus. Oh~o 43201
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Table 2. Crind for Typical Lathe Turning Tool

If

Nigh-Spee steel Cemented Carbide

lack RAUe Angle 8o to 100 00 to 6" Positive
side Rame Angle 100 to 20' 5: liesitive(a
End Relief Angle 7" 5 to 70 p

to to W0' (S)
itSide re11ef Angle 7" S to 70 (F)

6o to i0" (5)
End Cutting Edge Angle so to 100 so to 100
Side Cutting Udse Angle 15" to 30 15' to 300
no** Radius 1/32 in. 0.010 to 0.032 In..

(a ) prmr

CS) Secomoary
General notes:

Grind drills to 130 to 135" Included point =angl.
aUse narrow land reamrs ground to a 30" angle chafer and with a 5 to 10"

face rake.
Use starndard *IXliog cutters with 5" QF) and 10* (5) relief back of cutting
edges to prevent dreg.
use standard taps ground to a hook angle of about 7* to 10".
Use tagent. *milled or hbobed type ineert thread chasers ground to 115" rake, -
5" relief angle and 20' throat agle.
For drilling. fors cutting, sand reining. mwe chlorinated selfurized oils.
For general turning, a Water-balse chanical coolant is rectemded
All oil* and coolants shold be coWlcLely removed frmu the metal prior to
any heating operations.

taste 3. re'vl.4 Yee. go 1800410d 0.046-a1a0 Al.WW *16 me"

?Tabl 4. TIP"e at Falle., La Skeet-WONVAe ptogaee

40)-Iaf NottWm.~ 1 45 strewt40 flet e a im T tahle .a to.i totjak

4 kI& tg. flam". U"=4 b"1i14 ________

IAI~ as.a~ 0 t0if"a, It~~ Vt. .to~ .45sr"I

seete *g116(* son 999*.d a"MN

.e-11" har 1"A4% 0 Gosq -&fish tt~$ *49944pt *ztf 04im
Ovt.q a*40. I&Ib' tfa a 4tmqaeCA

t~~~~~,.i~rep Vrd5.. 0"406494a9~&ft~~ a~~.

ft' .5~I &* ~&4. mme.. "We tI v,"t 169444
fee lema0tt . i. &#.is&40"f.4.

-XIA~ boo -v 400

tom" #01. £i499f 144 q40 .5..

"fle" "4460 9" 6-

Z., foteiea ei
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alloy in a like condition. Since there is some and chemical compositior. Most of the heat treat-
dimple-formability information available on Reni ments currently being used with this alloy have in
41, this was used to estimate the ratio of the common the steps of lolution treating and double
dimple slian height, H, to the radius of the aging, resulting ir, 1he precipitation of the gma-
dimple hole, R. For a 100-degree fastener, the prime phase (see Metallography). Several such
ratio is 1H/R a 1.17 for Reni 41 at room temper- treatments are tabulated on the next page.
ature. With a dimple depth of 0.045-inch, as was
specified, a slant height of 0.070 inch would be Solutlin Treatment
obtained. The maximm hole diameter for the
dimple would therefore be increased from 100 de- The solution treatment cmployed with this
grees to say 120 degrees, which would give an 11/R alloy has undergone a major change since the a'loy
ratio of 2.00. it is doubtful whether increasing was first developed. This has involved a comp'ete
the temperature of dimpling from room temperature reversal of the long-standing idea that high
will increase the capabilities for dimpling, since s(Autioning temperatures were optimum for creep-
the limits depend on the elongation values for the limited applications and low solut.oning temper-
material. Examination of the elongation values atures for tenqile-limited 2pplications. The air-
for Alloy 718 at various tmpematures indicates craft engine manufacturers, desiring good creep-
that they are about the same from room temperature rupture life, have found that 1700 to 17S0 F for
to approximately 1000 F. At higher temperatures. I hour is the preferred solutioning tcmperature. (a)
the elongation is reduced and the properties of On the other hand, when good tensile properties are
the material can be affected by overaging. desired, the solutionin, temperature is now speci-

fied as 1950 F. The latter treatment seems to be
Ref: 8 preferred also when toughness at cryogenic temper-

-
atures is roquired in service.

HEAT TREATING Solution treating is followed by quenching
or air cooling, depending on size. Air roo!ing

The effects of various annealing cycles on should be at a rate of arvund 400 degrees F per
the aicrostructure of Alloy 718 are reported by minute. Slow cooling (such as air cooling of heavy
McDonnell Aircraft Corporation. Test specimens sections) can result in low yield strengths after
of 0.040-inch material were overaged at 1400 F aging.
for 30 hours and theo annealed IS minutes at
temperatures from 1500 F to :ISO F. The main reason for not using the 1950 F

solution treatment in creep-limited applications
Annealing temperatures below 1700 F failed is that it reduces rupture ductility. The trend

to dissolve the particles precipitated during aging. toward using the high solutioning terperature for
Temperatures between 100 and 1500 F adequately tensile-limited applications has been accompanied
dissolved precipitated phases so that subsequent by a lowering of the aluminum content of the alloy.
aginS produced maximm hardness. Annealing over-
aged m=.erial At !1o4M F for IS minutes appeared to Aging Treatment
comp-letely Jassolv* precipitated pasevs. without
altering precipitation behavior during subsequent For otam• prroperties. rsrticularlv Juc-
agint or e€ccv,•raging eacessive grain growth. tility. a double Aging trvatnuent is now employed.
Aneaiirlg trm"rtures greater than 19M0 F produced Initial aging is perforved within the range 13:5
eocovs~i grain irowth and led to the formation of to 1400 F. usuallv for 3 to 10 hours. rTh use of
undesirabie grein.boun":v films during si.!sequont higher temperatures &ad longer tames pro.otes the
aging. transformation of the preferred lna-prime phase

to the more staele. orthorho&Hc NisCb phase. For
%eo r!,istion in hardorss or micrestructurv this reason. aging is usually complrtrd within the

vs. found to result from air cooling or water range i150 to i'0C F. usually for an additional $
qRueching from amseling temperatures. hour-! Furnace cooling is wrloved in going from

.h, first aging temperaturv to the second.
amII hardness of moter- and air-quenched

specimens aWnd potoaicmro•gr s of the grain S' The selection of aging temperatures within
lure of heat-treated specimens are given the ranges given .b-ovc is related to the intendedS references. application and. possibl,. to the che"tical com-

o-•osit.on. !,at* on the interrvlationshir.% beteren
Ref: $S049 4loomo~ll Aircraft Core chmical crostion. heat-treatment deta;l¶ and

"Report 4,0. (•ecesber 1. 1"

At the present 7'bi. there ise... i ;Aar,'" (a; strictl' speaking. 1t0s Ita an wmaling treat
heat treatumet for AXll* -3i. Rther, the heat ment. since ocourletv t'l•ution d.Ve not take
treatment is tailored to fit a specified arplication place 1'elcw !."- '

am- ~
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Typical Heat Treatments for Alloy 718

First Second
Solution Aging Aging Aging

Specification Coany Te.. F Hethod I

AMS 5596A Society of Automotive 1750 1325 1150 1 or 11
AMS 5597A Engineers 1950 1430 1200
B30T69-56 General Electric 1700 1325 1150 1

Company
C50T79(SI) General Electric 1800 1325 1150 1

Company
PiA 1009-C Pratt and Whitney 1750 1325 1150 1 or It

Aircraft
EMS-581c AiPlesearch 1950 1350 (b) 1200 1
RB0170-101 Rocketdyne 1950 1400 1200 ITT
ACC-4152 Aerojet-General 1950 1350 !200 IV

(a) I: Hold 8 hours at first aging temperature, furnace cool at 100 F/hr to
second aging temperature. Hold 8 hours, air cool.

II: Hold 8 hours at first aging temperacure, furnace cool to second aging
temperature. Hold at second aging tesperature until total time
elapsed since the beginning of the fi:-st aging is 18 houts.

ITT: Hold 10 hours at fMist aging temperature, furnace cool to second aging
temperature. Hold at second aging temperature until total time elapsed
since the beginning of the first aging is 20 hours.

TV: Saw as I1, but first aging tire may be 8 to 10 hours.

(b) F on certain heavy forgings.

resulting mechanical *roperties are still being (1) Surface dirt such as paint, grease,
accumulated and more data are needed before op- and oil
timem aging temperatures can be recommended. (2) Oxide films and scales.

Heat Treating Precautions Proper surface preparation is necessary to:

During aging. A:Ioy 718 exhibits a linear (1) Prevent the harmful effects of sulfur,
contraction of about 0.001 inch per inch. lead. and other elementr that are often

present in paint, oil, and other sur-
This alloy is susceptible, as are similar face drt

nickel-base alloys, to sulfur embrittlemant and
attack by elements such a lead. bismuth, etc. (2) Prevent the ,ntrapment of oxide film
For this reason. all foreign material such as or scale.
grease, oils. paints. etc.. must be removed by
suitable solvents prior to heat treatment. The Among the methods that are us*J to clean metal sur-
alloy should be supported on clean brick or a faces in general prior to welding are alkaline or
plate of heat-resisLant alloy to reduce cotsin- solvent cleaning. vapor degreasing. and plckling.
instion. Natural gases or- low-sulfur oils should
be used for fuel, and slightly oxidizing atmos- The degree of cleanliness before, during.
pberes are recoamended to reduce sulfur pickup. and often after welding tu affect -41d quality.

eledidn should be performed as soon as possible
teo: 3601. 61361. 664882 after clerning. since oxides begin to form lmmodi-

zetly after expoiure of cleaed surfaces to open.
air atmospheres. Although the oxides ma- be ox n-

CLEANING t, mly thin imd invisible. they coo ,-*nuc thM
quality of vel4ents smd. by rosistabce velding

Cleaning is very important to the success- iad solid-state diffusion Welding.
fu| welding. coating. hot forming. and stress
relieving of nickel-base alloys. Two wain types The importan-ce of obtaining a clean surface
of surface .ontmination must be removed by cleaning: prior to coating c tamor be overespalaizied. The

Defense M~eetals foem-seuxi Center Bftten. Mwrno M rielbeitue - Columbua, Ohxio 43201



presence of dust, dirt, oxides, oil, grease, in which herd facings have imparted to these ma-
fingerprints or similar contaminants on the sur- terials the required resistance to steam erosion,
face of a part being coated can result in the erosion-corrosion, or wear.
formation of a coating that is discontinuous, has
poor adhesion, and exhibits inferior properties. Surface treatments have been developed that
Specific cleaning procedures for preparing the provide nickel-base alloys with lubricity under
surfaces of nickel-base alloys prior to coating conditions in which oils and greases would deterior-
are generally regarded as proprietary; this is ate, such as at high temperature and high vacuum.
particularly true in the case of cleaning prior
to the application of diffusion coatings. Among Although there seems to be little infor-
the methods that are used are polishing on a mation available on the specific application of
cotton wheel, vapor blasting, grit blasting, and coatings to Alloy 718, it appears that many of
pickling. the treatments used with other nickel-base alloys

Degreasing can be accomplished by washing colbeapidtthsloy

in a warn detergent, rinsing, and drying in an Coating treatments for nickel-base alloys
alert, or by the use of organic solvents. are discussed in detail in Reference 64660.

There is relatively little information that Ref: 64660

i s available specifically on the cleaning of Alloy
methods used for other nickel-base alloys can be JOZINING
applied to this particular alloy.

The excellent weldsbility of Alloy 718
before pickling of this alloy is attempted, is attributed to the relatively slow rate of.pe-

Sr e-

it is reco mended that producers of Alloy 71d and capitation of the strengthening phase, gamma
producers of proprietary pickling materials should primi . Becausr of thas, little hardening occurs
be contacted for additional infonmhtion. Two par- during welding.
ticularly knowledgeable sources of information on
pickling are the Huntington Alloy Products Division The greater portion of the fusion welding
of International Nickel Company, Inc., and the of Alloy 718 has been done by the gas tungsten-
stellcte Division of Union Carbide Corporation. arc TIG) process. The gas metal-arc (wuIG) and

electron-beam processes have been used. but to a
Ref: 64660, 62547 lesser extent. No data have been found for the

T shielded metal-arc or aubmerged-arc processes.

host diffusion coatings used in the United
States for ntckel-base alloys are rich in aluminum m naeld-cracking problems have been assocfst¢1.
They are used primarily to protect parts of air- by so o users. with A hith solution-annealing teo -
craft, marine, and automotive gas-turbine engines persture. It has u een reported that there is a
from the degrading cffcta of the service wnviron- close relationship between the solution-annealing
mint. There is still much room for improvoment in temperature and the tdency to form microfissures.
these coatings, particularly in those for engines As the solution annealing temperature is increased.
that will be used near the sea. Under sui h cir- the tendency to forA locrofissurys is increased.
cum7tances, the salt content of the air. combined
with sulfur from the jet fuel. causes a now. severe Ref: OM16. 6491I. N662
tyT of sulfidwtion attack.

Diffusicoatings based oy boroi have is attriu
been develop inn e tha podues U of al a m and of te stengintg phat a s eld efficiency
obtaining very hard cases on nickel-bi4m t llors, of 90 p ercmnt say be obtained in the h as tunngsten-

arc %,eldinS of AIIor- 716 p..late. This value is
Nickel alloys generally or*e not electro- applicable over the tomperature rang~e -4:3 to 1500 F

plated or eloctroloss plated. both 44cause they art for material that is full%- heat streated after weld-
not used in applications in which plating iTw rp- ing.
quired and because theu often inherently possess the
orrosion resistance or otheir attribute for which Voeld effl.ciermcy represents the ratio of

plates ato applied. In the relatively few appl- tens lle Yield strength or tensile ultimate stren-th
cateits where they are electrvlatedi care most be of the Cavrdient to thar of the Arrn: Thta:, I nd
taken to first rf:ove the passive surface film that liniteJ testnt Nro rant. North befrioan Afrathon.
occurs nCturally O thes materials. Inc.. mietd a nlv- er of subcmeg n d -ar oes !at

o sti-ich socloo ati g:ats used ilj the Uilnr

Hard facings or* not often iipplied to octal. be'h ;,arent-setal an.' as-%elded s,--cin-tt
nickes-bane alloys. e aopever. exlmdpes prs known

Defense Meused Infor thsian Center- s Brtte the tie ndren lrto :,.,.e r Colurnison. C aho 432nd



wer; then annea led (1900 F/I hour/air cool) and The effect of di fferent shielding atmos-

testin~g. Multiple tests were run at each of five poration for TI( butt-welds in 0.045-inch sheet.

hadbee reovd. t echtemperature, the average resulted in a cleaner weld appearance. No other
yield or ultimate strength at the weldment was effects were detected. Process settings used in
from 99 to 103 percent of the corresponding valise this stady art showv, in Table 6.
for the parent metal.

Several filler metals ho~ve been evaluated
Investigation of the chemical composition during weldability studies of Ahloy 718. Reni 41

of the test materials indicated that the parent and Alloy 718 filler metals received the most
metal had a much lower aluminiumi content (0.27A) attention beceuse the weld metal will respond to
than did the filler metal (0.50%). Prior ex- aging treatments. The data £nlicate that there
parlence at Rocketdyne has indicated that heats is little choice between using Al~oy 718 and Rene
containing less than 0.3S% aluinunm do not respond 41 as the filler metal for welds in sh~eer -'::k.
well to the indicated heat treatmept. Thus, th: Shop~ experience has shown that ~more process prob-
observed weld efficiencies are probably higher less have occurred when Rfet~ 41 was us@4. Auto-
than should be expected, and the investigators matic or semiautomatic welding using Alloy 718 as
recommended the use of 90 percent weld efficiency filler is a preferred proces. Where manual welding
for design purposes. is nficessary on sheet-metal joints, the .- 'cedures

must be veryý ciArefully controlled.
Ref: 63646, Betts, R. D.. "Weld Efficiencies of

Inconel 718 Gas Tungsten Arc Welis in the Studies in highly restrained welds in plate (
-423 to 1500 F range". North American Ayi&- thicknesses ranging from 0.7!ý to 1.50 inches wt-e
tion Report 14PR 5-175-363 (July 27, 1965). conducted by the Huntington Ailcy Products Division

of 'Me lntetiuational Nickel Company. When weldint
Alloy 718 has been welded by the TIC with Renh 41 filler metal within the thickness

process in thicknezsses ranging from 0.020 to I.$ range tested it was concluded that:
inches. The use of filler metals is optional.
Argon is the protectivs gas comewily used, but (1) Therr is no need for weld str~ss
helium is preferred for deep-penetration welds. relieh prior to sging
Cleaning of the joint areas in preparation for
welding must be complete if full,. efficient joints (2) Heavy sections can be welded in the
Are requireiJ. Also, light interlayer grindint fully &god condition a-Am under
should be used Letween passes. restrained :-onditions

The alloy is similar to other nickel-base (3) Welds in heavy sectians ican be rv-
alloys in its inability to flow readsily when paireii without avAies-iing and the te-
molten. Consequently, in nest joints over &$.out pair welds &ged wi-hout difficulty
G.1S5-inch thick. joint designs which contribute
to full joinz. penetration are necassarf. During (4) The 1ýrrss-rvpturv prorcrtits of welds
a study at the G--wral Electric Company. in- at 1.100 am n o ;3. eacced thole of
vostigators encountered considerable difficulty in the bost metal.
obtaining a joint design in khich full-penetiation
Vol;; could be assured. Several differet filler Freedom from craicking of the weld up* used as the
metals and joint cinfigurstions wore evaluated, criterion for the first three conclusions.
It vas ciracludeil thmt U-groove~p xtre best.

In their studies of c.:S- san C.So-inch-
In the *&a* sti.v. the inyetitiators also thici Alloy *11. 1t4noral Nectric reprted an the

considvred the effect of Doth argon and helfim as a.Se of fto~l 9 ~stellor If. and UAsstgiov a
shieldnA gases. It was 4tul that the choice Z35 filler wires.A vxezted. the *aa~sif Pro-
of shielding Ires affected the results obtained. perties in' heavy thickness-es were obtaifted whelk
especially in the thickfr plates. Conslstent har~raahle fillet wirao otte used. Thl% ts
penetration xnd Higb wrlding speeds were more because th# toulk o( the weldA dv~si~t is %Waosed
rtedlyr obta~nwd when using helium an O.2'S-aa.1 of' filler eastrial. The rwi~alto iiiicated the,
O.S0-inc'i platet. Ptmsity was also decreased by iJastelles a ".3$ Miler Wire produces good weld
using helima. tiwwwer, if the weld is prorierl tensile "n rw'rxoi properties in thick 41;4,V 1M
made. its prupartiot will not be all!rcted fr*y Iacoele 6S 1iller wit.ý Jid not ti"e Ottisfoctory
the stielding gas. O~rtiofir~ vl~eld *wtints for result$. !L-stello" 9 filler Wire 1are welds with
plate. *e&n hclt.* shciding gas is iased * ate prv- lower propertliF . but its weldingcar.t>~;
seat"d in Table i. ý,Ight diatsst suit vustify its tine sfherv iasul strength is not a
local situation' 2"- 'osro.tquifeme t-

~ ~ rn. r -it~r CrA_ X 00- .C ~ ~ ~ 43201
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Table S. Optimum TIG Weld Settfilxs for Alloy 718 Plate When Helium Shielding Gas is
Used(&)

Thickness, in.: 0.250 _______________

Pass number 1 2 3 1 2 3
Current, amp 70-75 70-75 g0-as 90-95 90-95 100-110
Arc voltage(b), Vi 13-15 13-15 14-16 14-16 14-16 1S-17
Weld speed, in./muin 1.5-2.0 1.5-2.0 1.5-2.0 2.0 2.0 2.0
Filler wire, dia., in. 0.063 0.094 0.094 0.063 0.094 0.094
Wire feed rate, in./in. 2 4 4 2 4 4
Torch gas, cu ft/hr 30 30 30 35 35 35

(a) Joint design: O.lS6 root radius, 0.04-0.05 land single U-groovve.
(b) Voltages are averages owing to erratic nature when using helium.
(c) Five or six passes are needed for 0.S-indh plate.

Table 6. Process Settings for Automatic TIG Electron-Rean Welding
Welds in Alloy 718 Sheet

_______________________Although It is known that Alloy 718 his

0,045Sheetbeen the subject of electron-beam welding studies,

Thicness In: 0.4S Seetthere are very few data available. Rocketdyne
Shielding Gas: Argon Helium reports that butt welds in parts up to 0.87S Inch

thick can be made with conmmercial equipment and by
Current, amp s0 40 welding from each side. Weld strengths equal to
Arc voltage, v 8-16 16-18 that of the duplex-aged base Metal are ubtaincd.
Weld speed, In,/min 3 6-8 The welds are more gas-free than the btse metal, and
Filler wire dia., in. 0.030-0.03S 0.030-0.035 shrinkage is greatly reduced in coemparision with
Wire feed rate, in./min 12-I5 8-9 gas tungsten-arc welds. Shrinkage in 0.75-inch
Torch gas, cu ft/hr 20-24 20 A.lloy 718 was 0.005 inch when electron-beam welded
Backup gas, cu ft/hr 4 4 and 0.080 Inch when tungsten-arc welded.

Two-pass welding procedures were required
The esuls o a sudycondcte as art for welding 0.060-inch-thick Alloy 718 pressure

vessels at Airite Products Division of Electrade
of the Supersonic Transport Research Program on Corporation. Single-pass welds did not give re-
TIG.welds in 0.02S-, 0.050-. and 0.125-inch sheet. producible results. The procedure developed to
using no filler, indicated that Alloy 718 exhibits mk h w-aswlsw. sflos
exceptional welding characteristics for its alloy
class. By observing the normal procedures em- Tack Weld --- S0 kv, 1.5 ma, 0.012 defocused
ployed for cleaning and welding nickiel-base alloys beam at 20 in./min
it was possible to ob~tain defect-free welds con-
sistently. Circular patch tests indicated no "hot PntainWl - 1 v . a 8i.
short" problem, and simulated repair welds were m
made without cracking. It was determined that the
alloy can be welded in the annealed or in the cold Cover Weld -- 80 kv, 2.0 ma, 0.100 dufocused
rolled (20%) and aged condition. Bend tests were beas.
conducted on the welded samplas and a minimum
bend radius of lt was obtained for the 0.025-inch Butt welds were made in 0,0:5- and 0.125-inch
gage and 4t for the 0.125-Inch gage. Alloy 718 in the fully aged condition. A 0.020-

Inch strip was used on the back side of the joint
Hot cracking can be a serious limilatlon to improve the bead contour. Good reproducibility

to the use of 'Alloy 718 filler wire for welding arnd weldability were reported when using 3-kw high-
highly restrained joints because of its lowvotgeqimn.Pprisofhejnsae
freezing temperature. In this case, Rene' 41 volt aag eqiaben. Poete ftejit r
filler wire is preferred. ntaalbe

Ref: 4918, 4649,5361, 6882Electron-beam welding should be
Ref:4918, 4649,S361, 6832desirable for Alloy 713 pressure vessels up tv

about 0.125-inch thick. This of course depends on

Defense Metals Infrxc'matiovi Center.- Battelle Memorial Ine~titute - Columbue, Oh~o 43201
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the economi cs involved and the fact that the l_width of the heat-affected tone increases with T1he brazing of the age-harderaable, nickel-
the lower welding speeds ueseded for thicker bse" a&I loys usually presents problems of technique

portentls *&o "~ tariato ofmaintfemnc eracent eydr uncesms

of ivtsor thr wahnialfaser i thse woldheso much asier. The balume u ath tianu age
veies: eli6nate 49'5SIpib"aloscas ificun egta ohienbnce-aealtys.n Testsavein prpe

sacrfic of tregth.Conequntly deermiatin tatfthis is wttin. Cralumbiumt ios notrhl wxith
of te rsisancewslabityof Aloy718has toa fofm sereptiousy-h tableain straicess Atelso1

b Rntesistabjeto wedig paticuarl suotchntais a7W tora Of about 1o.4 ec fauiu
and"a taeling, the" proper preatos. Ally iaad itniuell Aircarafwt ha cabout the wmest-o

porevent to tWf optim o heligh-prehrformanc "i41r-and 3.illermentas foe spcomeiM. swa-fa
fehidle tobe woe difficulte forp t i.~-nc plac were rearedy Iy alklinbe expected fotlloye b1y
of rivetha for 0.ot ic her ~baclfset. Opin whelsin wolid hoigbe foteairet brazeg Sthandr vole ap-
weldinge scedlnaes sithfi iniae weild tie at s andsmbraze ais l-as tnfraeoy. Thes brsltsharow_
lowerifcuentf sltrengt. Conequenty ofeterminatio thatlated is table9. l~Aseabiectad the nickbel-it
ofctheresistapnce ha weldaingt toi Alloeet hels bhase ofillr* mtalt imnr meti sitateles foreello
te" itain subect tof-akshetuy suc as5 177 ior tHe IS-te stegtbfsivr

By ~ ~ ~ ~ ~ ~~~bs braking fi ~p.peatin.AlyM~ lleArrafthals wouldprelde theirtt
In" t.* sto.fi-ed ii~eso 010 uei Alloy 715 b ~cathe ickl-aindtheIScnh fo resista-nch shee aod 0.20 inched for

developcm sent oopeimittweldin spotascosA Was Asvw- aillresmalo -thesow studym tstsface-

toIa tand for0 iv.Orespc aot.ively, edig iui onn before md odtemn eroo-aigtaendard shear 0
proanduOZOic.res ptve, for thesmaeraa elfo brazing file mu! wed plce on flatTh specimes ar

weldigs.The o res its% Inacreased weldtimen aged- dcleaned as ia vauum pfviuswrkae 1nd brasud af
lolgwer urent smpcitues Thd weiddpu-gdse- v of ver m~aultdicrn orbless. Threxeed the nickel-

sinletspot-weladi Amst wattliued~yaing Wfte (hoo hep and fille sus) wpeare mosed utal for eah Ie.
weldinain. Aawever. tinet th aged pu-wede psadtintiliiee-rnt f ivr

ceder,~ ~ ~ ~ ~~~~~~bs brain ufdivs esorslswr bu lthuhthe srogest wointd wered uthledr

10cl peren h.20igher Theo mtlad 02 rainlfo (ras ihteI bt ru y.i ocue
tension/lq &hea er)indcted thats agingos afte tha &an cycalesre deof ntlf thewo tuy aesets .-
we1l8ingdcasd 0.0 du. pctiit ely boefors, theo s odeer mins !h~ergnnlroopenpetrtia. %heafllr

Thunisg isccurred. Tohe s.4eqweeot reistmac waeld srnther effe joints mahei Alloy 7,19 uing fislleeer
0_2 oi *.S n ch resectily. ory.e pomedhtal MS o CrMn ab6v 1000 Fb specismabiwere

weld. Tu* esuts o a orgrisn bewee agd- elonatmdsion Out prevlous wor base bmet in ah
els-ede pircml s ant-ed Volhie -lu-settins aec vacrwuumwf micros or less. Thre te~mperatures

Aigl "-weld )0". was an lotto aig fe (.* show IS stiute were used atforteah aricnu
thatiag.atisfatory A theo weldshould beatleast proi-t dtr.eAehrm edcin
twce". wu sde crssth thikemls oatf er bu Ato the stet av ettree mcaial e prories wow* Alley 1
ato least hih" peen deeuctilninty eatio Coshet Withd Ocu 1$ Sagto braZing t %.YC uturIt VSCNin
aend nare tbe" i0npicaen ht agin#q~ afeShteoees welrin deaso pii owlntrientalno t"yexpects
peldin 4et&* e dtctls lidty. thiewwo st thr gvnIe **rifuts iniatermua as dereatiof betwen fii
Tocni.i ra. i dhid met fellded mlow Soi wertes meal. espercealyt. 6IC WPreil de
aged i oe eliges hibited t he be &"aost soeweld hra fe a h lo ?f.Iha ~ w
prpest uci~ty.Pre tha bradingc~ abod ceytwoF ay br,:O fill

malolais haf ##04 eAlua e11 boe" fabrictun Alls t

give iLs. tabe-. ;sin on$. seas toy

A Ser,. bt..-o lr-vform W Rbeoto a Csr'-w* Ats Mvc-s ktwdy -% c~vibus *4 atwob201ri
thata stisactT fso wld h"I be$I 0"t Aviaionto rtgr fe Ae~wremyrumwtin i



o I ) - --- -
r

Table 7. Typical Spot-geld Mohime Settings for Allev 718 Sheet

Thickness in.: 0.020 0.020 0.060 0.060
Comdtiom: As Icd. - As Reca. A4

Pr•est bent. perce t --- 8 -
hPeeat impulss --- 2 --- ---
Prhmbeat time, cycles --- 10
".*.a beat, pecemt 16 16 40 38
V,!d iqmpies 2 2 2 2
Weld tins, cycles 4 10 1 a
Current decay beat. perent 10 --- 35 AS
Cuirrent decay time. cycles 3 --- 6 6
Cool time. cycles O.S C.5 1.S L.S
Squoeez tinm. cycles 21 21 21 21
Hold tims. cycles so so 61 61
Weld force, lb 660 730 2850 2m) FoMp delay(S), cycles 11-4 11- O--E O.-E
Forge force, lb IS00 19S0 S3F0 5400
Electrode class, RIit III III II1
Electrode dimetor. in. S/8 S/8 5/8 i5g
Electrode radius. in. 3 10 S S

(a) ,-blgiming of weld; I-end of weld.

Table 1. Typtcai Seamn-weld %afhirle Settiglp for Alloy '15 iSbeht

.hickmass. ta.: 0.020 0.0¶' 0.060 ,1. i•
Cmit torn As Reci.. A Asr&d .

Vuld kwa4p.Par~c t as as 61s
ofd -i.l-es a 4 4
Vaell tim. cycles $ s 4
C"oI tima. CFcleS 0.$ 0.5 o.3 O.$

Drivv(a) a! al (a

rip for"e. lb so0 we 19

W."Iclass. •m iII III III lit
9"W1 tkickos, *a. 1/: 1 f: 1.1 1!.,
V~I a t"ndu. if. 3 3

0 ILater"i c.flied Tle T

(a) tnt.m'ttten
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Table 9. Wettability of Alloy 718 by Various Brazing Filler Metals

Chamber Brazing Brazing Wetted Contact
Brazing(&) Pressure,. Temp., Time, .ea, Angle, Wettabt~lty

Alloy mm 10 &x F min in. 2  deg Indextb)

04 50 (c) 5 1950 15 0.185 21.6 0.172
(2 52 4 1990 15 0.762 12.8 0.743
CM 56LC 4 2075 15 0.624 116 0.611
LB 9 2 5(d) 5 1660 10 0.189 ....
LB BT(O) 3 1625 10 0.097 --..
LB 846 4 1750 10 0.276 38.5 0.215
04 50(f) 5 1950 15 0.236 25.4 0.213
0M 52 5 L99C L5 0.414 27.6 0.367
CM 56LC 4 2075 15 0.542 17.3 0.518
LB 925 5 1660 10 0.206 53.5 0.122
LB BT(g) 3 1625 10 0.096 115.2 -0.087
LB 346 4 1750 10 0.246 53.5 0.146

(a) 0C - Coast Metals; LB - H & H Lithobraze.
(b) Area times cosine wetting angle; index >0.6 indicates excellent wetting,

<0.1 poor wetting.
(c) Cintered, not fused.
(d) Ir-omplete fusion. (
(e) Fused, no wetting.
(f) Sintered, not tused.
(g) very little wetting.

honeycomb structures. The go'd-base alloys wet oecause nickel-base alloys generally are used at
the base netal well in d vacuum of less than I temperatures abo;e the present maximum service
micron; the copper-base alloys did not. In this temperature3 of organic adhesives or under corrosive
study crevice corrosion tests %ere made in A conditions. Inorganic adhesiv,3s of sufficient duc-
salt spray and aerated water. No evidence of tility and low enough maturing temperatures have
corrosion was found after 100 hours. not as yet bejn developed tc compete with brazing

and welding techniques for joining parts for high-
The gold-base filler metal containing temperature structures. As the maximum service

chrmmium o ppepred to be stronger in both lap- temperatures of new organic adhesives continue to
shear tests and edgewise compression tests o increase, production applications of adhesivte bond-
honeycomb structures. The strength advantage, ing _o nickel-base alloys may become more attractive.
however, may be lost because of greater degrada-
tion of the base metal caused by the higher brazing Ref. 62549 is recommended as an excellent
temperature required. summary of the state-of-the-art of adhesive bonding

of nickel-base alloys.
Alloy 718 can be brazed with reiativc

ease if the proper procedures, approxiaating those Ref: 62549
for other aluminum/titaium-cnntairing super-
alloys, are used. Specimens of the base metal
shou!l accompan%- brazed specimens throughout the SURFACE FINISHING
brazing and subsequent heat-treatment cyc!e• to
determine the effect of these operations on the Mechanicat su~fsce treatments such as
mechanical properties of the base-metal. burnishing, explosive hardening, peening and

planishing are not used, to any great extent for

Ref: 50206, S4076, 55050. 57516 nickel-base all'ys. When used, they serve a
variety o. functions including improving surface
firish, increasing fatigue strength ane surface

Adhesive Bonding .irdners, and reducing the occurrence of weld C)
cra'king. Improvements in mechanical properties

Nic, el-ba,e alloys .an be adhesive bonded arise largely as a result of the residual com-
314ccessfully using rresi.ntly available techniques pressive stress established in the surface of the
and adhesives. .:,clqtively little work has been metal by the treatments.
dyne on adhesive bond nZ of these alloys, however.

Defense Metals Information Center . Bettelle Memori3l institute .Columbus. 0,,o 43201

'.. ..
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MeW o Ak..Allay 718

h nd

Although there seems to be little infor-

mation available on the specific application of
mechanical surface treatments to Alloy 718, it 1
appears that many of these treatments could be
applied to this alloy.

Mechanical surface treatments of nickel-
base alloys are discussed in detail in reference
64660.

Ref: 64660

0

D~fense Metals InL •r'mation (Center •Battel!lo Memor'tni lrmt.,t.,_,e . Co •rnbu •;. C! '.c -43201
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USES

The following applications for Alloy 718

have been identified in the literature:

Application Reference

Cryogeii-tehperature applications:

Diaphragms in vent and relief valves 64409

Inner shell of LOX tankage for both 64723
Gemini and LEM

Elevated-temperature applications:
M4-1 turbine manifold 61919
M-1 fuel pump rotor 58539
Titan IIA chamber tube 59644

Cryogenic and elevated-temperature
applicatLons:
Pressure vessels 58137
PoAnt drive fasteners 65780
Saturn V hardware (bellows tnd gimbal 64912

structures)

Alloy 718 is also undergoing tests as a candidate
material for:
SST wing and fuselage skins 57147
Ring flanges, seals, and U, L, T 66396

shapes for jet engines

O

O)•.!fern-e Mr, t~,,L'c Irfornstion C._erte•r. Bat t.•,:!e, Izleror~u ,: I,•. t ,,. (-_: ."•' .. [ )' .*t_



IV. MECHANICAL PROPERTIES

All Farms

Design Properties
Sheet and Plate

Tensile Properties
Notched Tensile Properties
Fatigue Properties
Creep-rupture Properties

Sheet (cold-rolled and aged)
Tensile Properties
Notched Tensile Properties
Fatigue Properties
Creep-rupture Properties

B&s and Fargings
Tensile Properties
Impact Properties
Fatigue Properties
Creep-rupture Properties

Castings
Tensile Properties
Compressive Properties
Impact Properties
Fracture-toughness Properties
Thermo i-rupture Properties
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N.tW or A*.y Allay 718

sieet Simi..
Aby Data Design properties

p. 1 of S

Alloy 718 has been proposed for inclusion in MIL-HDBK-5,
"Metallic Materials and Elements for Aerospace Vehicle Structures". The
following table and four figures were contained in an attachment to the
agenda for the 34th Meeting (October 1967), which will be considered for
approval at the 35th Meeting (April 1968).

Tentative Design Mechanical ane Physical Properties
of Alloy 718

11
AMS JAMS AMS 5596, 5662, 5663

Specification 5383 5589 5590 5597 5664
I Sheet,

Form ............. Castings Seamless tubing plate Bars, forgings

Condition ......... Solution-treated & aged per indicated specification

Thickness or 0. IT _>0.125
diameter, in. wall _ 0.015

Basis ............ S.. S S S S

*Ftu, ksi

L ............. 125 185 170 -- 185c

T ............. -- -- 180 180
Fty, ksi

L ............. 110 150 145 -- 150O
T .............-- -- 1 5 0 a 150

e, per cent:
L ......... 12 15 - dc
T ......... 15 10

E, 106 psi ...... 29.6c

w, lb/in. 30.297

a Test direction longitudinal for widths • 9 in.
b Thickness ' 0.025 inch.
c AJS S662 and S663 only. For A.S 56b4 use 180/150/IC for bars. 180/150i12

for forgings.
d 12 percent for AMS S664 forgings
e Dv-namic modulus.
" Symbols are defined i. the Appendix.

"See Appendix for basis of design properties.
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Twvorwa%, F

Thermal expansion of Alloy 718 b~etuen room
teopratur* and indicated tesperat~trG (cryogenic)

Conditiom: Azmealid at 1950 F; aged at 1350 F/S hours + 1200 F for a total
of 20 hoursa.

Re feruc.i: 70525
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Alloy 718 Sheetj
Annealed at 1150 F and Aged
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Alloy 718 Sheet and Plate
Annealed at 1950 F and Aged
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ACCESSION 0,1011 uj"g ACESINwnKR 7

LOT WWIKQ I LTWME

S..ORT-TIP1E TEV46ILF PINWRTiIS S"OOT-TINE TENiSiLO PnOPEATzES

SIELO STm(NOT41y TENSILE [LONEG S.. ILO $TEtNGTN TPSILE ELONO N.A.

'top a0 "~ 0.2 PC £,mNOT, PC, c"r TEST 4wP "..0a PC 0.2 PC STRIENGY" pip PER TOOT
4:300 psi 00I PS , ee Psi CEO.?f CE '. % Im PI F 3000 *i ie psi les ol oi1 PSI CENT CENT n1p

is 103.3 39.977 102.0 105.0 30.0
7S 10. 1l101.0: t0o 1, 7 10 3.. I lieI. 1119.6 16.4

7: 102.0 3":.6 L
i00 1613.6 1`6.) 19.# 32.0

100.4l ~ 344.9 11. 330 ACCESSION WOODEN 676133
10032 63037 23.:S 93.0 L3.MJM

1:00 034* 1 14.4 232 ,* LOT UER 2
1000 143.4 1,12.3 10.3 30.1 L. S*qORTT1IEI TENSILE PROPMENT1ES

he3)9. 614.1 16.2 70.6

20 3.0 37. .:9 16.4 1 YIELD STRENOTH TENSILE ELON) 3 .
200M 134,.1 3.0 94 1. 9 1 TIwP 0.2 PC 0.2 P TEGH PR Pn TS

1l I3: S l 0. 0~ S 10 PSIC 30 PSTIt" CET CEENT DIRS
14o9.3S32 '. .1~g 15. .1.0 1.

3:40 104.2 320.7 4.P 30.1 L
1400 1013) 114.0 3.0 9.0 L

ACCESSION WmJN0E 66133

ACCtSSION WSMBp 0V002 LOT NUMBER as

LOY NJ"* 22 fORT-TIME TENSILE RORMTIhS

164OT-TIIIE TENSILF P*OOPRTICS THU13 STRENGTH TENSILE ELO4O N.A.
YIL S~4N ESIE L. .. TIPP 0.02 PC 0.2 PC STOENGTH PER PER TEST

P IOSIA6" TNSL LN 1..o 1000 PSI 1000 PSI Jo00 psi CENT CENT fi1e
TMap 0..a P, 0.2 PC ITm(cT Pin ON 0 W, 5?1

v 300 PSI S; si 1600 SI 300PSI CENT CENT Mle 75 101.0 193.4 it.2

314.2 390.0 30.9 1200 320.4 397.4 10.0

I3to0 140.j 312. 20.06
14:. lOS 173.0 20.

3200 134.0 31. 3. ACCESSION WMISE 070133
1200139. 0.1 3* LOT .~MeUM 20

136 12. I's. 30.0o
1330. 33.:). .9 S8ORiT-TINE TENSILE POOPMTES

YIEL1. STRENGTH TENSILE E.O0h N.A.
TEMP 0.'a PC a. PC aTET P INPE TEST

SWIESION %%ueqe 6760 F l00ose " 1 00 ., 31000"PS"I PCETth CENT 1330
LOT W1100I 39

SM*QT-TIlW TENSILE POOPEtIES 1ies 13S.1 IgI.) IS.0

MIeL $1101NO1 YV4.IL1E ILO.. 0.0.
TIMw PC0 I70. PC "A00T PCO 440 Tf

F 3000 PS3 I0;@ PSI I y" I0 PS'I CENT CEN.T '10 "CCESSION poJ14KR 06133
399.0 189.3 23.0 LOT PojNOma 27

Ills 327. 343.) 14.0
SMORT-TINK TENSILE POopEATIES

&MS .A- M d 6700# 1 ALO STRENGSTH TENSILE ELON N.A.

OCUOIO tut ..or PC 0a PC MTENT Yi E EST
L.01 W446 P 1104 PM1 10. PSI 1 T3 G 300 PSI CEN ,.T CENTl uni

9-01-1111 TENSVLE P006"OtIES 75 371.0 M04. 23.3 44.1
32001110; 1%LC IO4 .. M 118.9 393.6 10.4 25.9

tAP .0 po 0. PC 5TEN' e~ Pts* r STo
IM 3000 left 300 I l0t* pSit CUT CENT 'IS

326 32.) 3449 3.0ACCESSiON WANO 07033

LOT KPI1m 20

GCiSlSo% k%~ 07060 S-0111T-TIME TINtliLk S*OP11MTIES
klO ~MAol 43

YiL Ito SecGNS TENSILE F.000 p.a.
Tcw. 0.#l PC 0.2 PC ITUENO'.- pie PER 7(91

1-301-11*4 T(NIg3. PSTIeal v t00l #$I 300 PSI 3600 pSit CETod CENT iMe

YIELD *TONY % IN.iI EL. O.N A.S 103.5 391.6 10.0
TM 0.04 1, 0.) *P C %lot%0T. Pts PIA TOOT

IF lo0s fit :$".PSI 306P3 cEO CENT '730

10 316 10 3".0 .... ..'.. .,. 6.1'....... r%
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F 1000 PSI 10orS Fit loo PIt CENT CENT aIR F EN

LOT $%)"or* 94
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TIP @.6 "SI0. PC SETRENSTH PER PER TEST No IeePI 10 PSI 1 006 PSI CENT CENT Ioo
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YIELO STRENGTH TENSILE ELONS P.A. LT% R 9
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YIELD STRENGTH TENSILE ELofts P.A.
TS 161.3 319.4 17.1 TIPP 0.63 PC 63PC STRENGTH PIER PER TEST
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To 1941.? POT. 13.0 L
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SNORT1-TINE TENSILE PROPERTIES most Tyesta1. 1730 F/I he + 1323 1/0 hr + 1150 1/I 119

YIELD STRINSS6T TENSILE ELONe 6.A. lot: 09027, 67602, 07109, 67611, 67614
TEMP 0.63 PC 6.3 PC STREN"TH PER PER TEST
oP 1606 PSI lo6e PSI 1C00 psi CENT CENT Dnt

?I 806.0 309.4 11.6

0
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Ref: 51702
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Sheet AgV. 4 4o

r;tigue data for Alloy 718 sheet at rom temperature atd stress ratio, A - 0.67
and heat treated as per AMS 5596A. Ref: 65927

Stress Maximum
Concentration, Test Stress Cycles to

,K Diraction (kiii) Failure

6'.0 30,770,030 DNI*
"72.0 36,100,000 DNF

"75.0 35,340,000 DhF
"60.0 482,000
"80.0 948,000
85.0 352,000
"90.0 482,000

"95.0 400,000
"105.0 389,000
"120.0 147,000

3.0 " 35.0 30,670,000 DNF
'* 7.5 15,940,000

... 40.0 7,417,000
"47.5 243,006
"47.5 j87,000
""55.0D 242,000
65.0 82,000

"90.0 32,000

*Did Not PAil

I I Alloy 718 Sheet
iI' -r-- • UTSr197 ksi

i0 : ! -.- i __ i TYSai 64kS
IO -- I Roam Tempercture

-- , f,3600Cpm
- Air Atmosphere

go - • I Specimans edge-pulisred_____ - before heat-tfaeoaig

.A 0.67 Axial Load
""----- F -- 3 Transverse Direc';on

Unnolchee _ ,E To �_ .i •

50 - L-, u&AE. 60t.4 .......... 2

_. .._ _. . _ ; __. .. (3• ,

0 I t W1

10 4# '-' ,oe ,' lop
Cycles to Failure

S-N DI.AGRA:, 'ro ALL.P'_ 7,8 SPEET AT ROOM TDIEP, ATURE WITH STRESS RATIO, A - 0.67

(unnotched and edge-notched)

l , , 0 r .4 , ,, !. . . .. • , J , C t'~ •' j i ' " I , r -; ,, • i l l t , .) : •, , ' • ' . [ ) lc -• 3LJD•l'
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DPI]~~ sheet uo.

Fatigue data for Alloy 718 sheet(I) at room temperature and stress rati,
A = 0.33 aid heat treated as follows:

Solution treated 1600 F (1/2 hr) A.C.
Aged 1325 F (16 hr) A.C.

Ref: 61646

Stress Ma:imum
Concentration, Sheet Stress Cycles to

Kt Thickness (ksi) Failure

1.0 .063 120.0 113,000
" " 138.5 75-000

"" 166.2 29,000
"" 184.7 9,000

" " 159.4 27,000
"" 92.3 256,000
"" 73.9 676,000
" " 64.6 1,789,000
" " 55.4 5,000,000 DNF*
" " 106.2 92,000

3.0 " 83.1 17,000
S" 101.6 9,000
.. 64.6 42,000

"46.2 230,000
92.3 11,000

" " 36.9 5,000,000 DNF
" " 55.4 124,000
" " 73.9 37,000
" " 42.5 437,000
" " 110.8 9,300

1.0 0.125 92.3 287,000
"" !38.5 55,000

I 110.8 157,000
" I 73.9 768,000
" " 83.1 462,000

"" 123.7 42,000
"" 64.6 1,289,000
"" 55.4 3,757,000

""t 1%7.0 21,000
"I "55.4 3,445,COO

1Did Not Fail

(I)UTS - 0.063 sheet - 183.8 ksi
0.125 sheet - 176.5 ksi

"Kt



7-)A

S... .+ .. ,+3W 22,,

17 ___ I Alloy 716 shee?
150 Room Tempature

110
ad

--- ,__+ _ + -I••, • +

E

E

Cycles to Failure

S-N LIAGRA)4 FOR ALLOY 718 SHEET AT ROOt' TEMPERATURE WITH STRESS RATIO, A- O..3
(notched and unnotched)

Ref: 61646

Ljeferse Metals Infor-maton Cer-te-- B-telle Memurial Institute Columbuss D hcio 43201
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Fatigue data for Alloy 718 sheet at 1000 F and stress ratio A - and heat
treated as per AMlS 5596A.Re 652

St ress Maximum
Concentration, Test Stress Cycles to

Kt Direction (ksi) Failure

1.D T 55.0 24,040,000 DNF*
it58.0 3,447,000
tit60.0 2,439,000

of65.0 289,000
if70.0 9,000

I .70.0 372,000
ofL 52.5 1,747,000

of60.0 108,000
.0T 18.0 24,270,000 -%T

1 120,0 24,670,000 DNF
of23.0 201,000

23.0 607,000
of 27.5 151,000

if35.0 50,000
to40.0 26,000
to45.0 14,000()L 25.0 151,000

*Did Not Fail

901

ILongitudinal Alloy 718 sheetj

80 ~06L Transverse _ ___ TYS :142 ksi at IQOOF
1000 F

_____-_____ ____ - -- --- fr3600cpm
-To Air Atmosphere

-Specimens edge-polished
before hleat-treating

At A0O Axial Load

0 Unnotched
E 50~

40

Cycles to Failure
%-N OIAGRA F'0t ALLOY 710 SHEET AT 1000 F 'i!TH STRESS RAI l0. A,
(unnotcht,j and ed~ge-notched)

Defen-qe M'et,,1k; lnfor'rnntioni MYn~r otl verYno_)-ii 1' 4,tLi,~*~Q jp (
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Fatigue data for Alloy 718 sheet &t 1000 F and stress ratio A 1.0 and heat
treated as per AlES 5596A.

Ref: 65927

Stress Max imum
Concentration, Test Stress Cycles to

Kt Direction (ksi) Failure

1.0 T 85.0 25,120,000 DNF*
90.0 14,070,000
95.0 775,000
100.0 456,000
105.0 349,000

L 90.0 1,659,000
3.0 T 40.0 29,520,000

I'43.0 933,000
45.0 1,909,000
47.0 400,000
50.0 76,000

L 42.0 158,000
45.0 91,000

I,45.0 149,000
45.0 207,000)

*Did Not Fail

90 - Alloy 718 sheet
UTS aI64 ksi at 1000F

- TYSuI42 ksi at 1000F

Air Atmosphere
To_ Specimens edge-polished*A Lntuna
2 before heat-treating

An 1u.0 Axial LoadQ Tasre

Edge nlotch, P10.0220

goa

Cyclas Io Failure
S-N DIAGRAM FOR ALLOY 718 SHEET AT 1000 F WITH STIMS RATIO, A *1.0 (u~nntchod
-and edite-notched)

Qefensi'. MtIlnforrriation Cer'te'ý Battelle~ Memcir .31 Instittute - C.ok~umbu~i. Ohia 43201



Fatigue data for Alloy 718 sheet at 1000 F and stress ratio, 4 0.67 and heat
treated as per AMlS 5596A.

Ref: 65927

St resaMxi
Concentrtion, Test Stress Cycles to

Kt Direction (ksi) Failure

1.0 T 95.0 29,860,000 DNF*
100.0 22,790,000
102.5 1,214,000
105.0 849,000
105.0 4,6-46,000
112.5 403,000
120.0 290,000

3.0 "35.0 24,520,000 DNF
42.5 30,170,000 D"7
46.0 35,210,000 DM7
50.0 210,000
50.0 248,000
50.0 480,000
65.0 65,000
65.0 67,000
75.0 43,000
85.0 19,000
90.0 15,000

*Did Not Fail

120

--.- ,---.--.-.- -- Alloy 718 sheet
UTS a 64 ksi at 1000F

90 - TYSz142 liii a? 1000F

1000 F

E so__ Air Atmosphere ------- -

Specimans edgc-poliShad_____
0 before heaaf-trecling

70 -- A&0.67 Axal Load
Transverse Direction___

Edge match, r 0.022" p 7 -

I-N DIAGRAMI FOR ALLOY 718 SKEET AT low 0 Fiv srstITEss PATIO. A 0.67 (unnutched
and *dge -no~tched)

[Dr~~~~s~~er~~~~,t't tI.!.i 1 j't# . n('. ~ ~ f
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Fatigue data for Alloy 718 sheet at 1000 F and stress ratio, A = 0.25 and heat
treated as per AMS 5596A.

Ref: 63927

Stress Maximi
Concentration, Test Stress Cycles to

Kt Direction (ksi) Fracture

1.0 T 145.0 24,120,000 DNF*

"150.0 10,490,000

"155.0 4,527,000

"157.5 8,554,000
"" " I A0.0 2,888,000

"" 165.O 1,331,000
" " 170.0 381,000

*Did Not Fail

2-00
200 Alloy 718 Sheet

UTS - 164 ksi at IOCOF
190 -. TYS:142 ksi ot IOOOF

I' IOOOF
f, 3600cpm

._ 180 Air Atmosphere

_,�__Specimens *dget-*olished
before heat-treating

I60 -"---- A0.25 Axial Load
• L . . Transverse Direction

150

130 I .; i

Cycles to rF~lure

S-N DIACPRAM FOR ALLOY 718 SHEET AT 1000 F WITH STRESS RATIO, A - 0.25 (u.notchtd)

Oefense Metals Infor'rnatlon Cenrter. EBettelle M;¶emoral Institute - ColurybLts. Ohin 43P01
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Fatigue data for Alloy 718 sheet at 1000 F and stress ratio, A 0.U10 and heat
treated as per AMlS 5596A.

Ref: 65927

Stress Maximum
Concentration, Test Stress8 Cycles to

Kt Direction (ksi) Failure

3.0 T 121.0 35,760,000 DNF*
it' 135.0 39,990,000

10143.0 32,860,000

1154.0 9,148,000

160.0 2,521,000

I,165.0 205,000

(9 *Did Not Fail

190
I _______________ _______ Alloy 718 sheet

UTS z 64 k~i Of 1000F
___________ ____--TYS:142 ksi at 1000F

____ _ _ __ _ ___ ____ ___1000 F
f & 3600cpm

____0 Air Atmosphere
Speimens edge-polished

bWOb heat-treating

F160 A Aa 0. 10 Auial Load
Transverse Direction

140 E---- ---- dge00110c, r&0.022"...
- -*-- Kta3.0 _

130-7iiiII___

120 - - - - --- ~~

S-N DIAGR.AM FOR ALLOY 715 SKEET AT 1000 F WITH STRESS RATIO A *0.10 (edge-notched)

OeQ-n-_ec MwMai; lnfcor-maiionr Ce'nt(-! 13'1tri~i Artf ~ cI rlltt u Ccl~jmb~jt,;, Othic) 43201
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Fatigue data for Alloy 718 sheet at 1000 F and stress ratio A - 0
(stress rupture) and heat treated as per AMS 5596 A.

Ref: 65927

Stress MaxLmm Time to tupture
Concentration, Test Stress Equivalent

IKL Directiou (ksi) lours Cycles

"1.0 T 135.0 )63.3 35,272,000 DM-F
150.0 114.2 24,667,000
160.0 38.4 8,294,000
"167.5 5.6 1,209,000
"168.5 3.2 61*,000
"135.0 156.2 33,139,000
"140.0 72.6 15,681,000

'p150.0 11.0 11,448,000
"160.0 14.1 3,CG45,000
"" 167.5 3.8 821,000

3.0 T 150.0 131.1 28,317,000
"155.0 86.6 18.705,000
"160.0 62.4 11,478,000
"160.0 75.3 16,264,C40
170.0 33.2 7,171,000 (
180.0 8.5 1,836,000
181.5 7.9 1,706,000
160.0 33.9 ",322,000
170.0 52.9 11,426,000
"180.0 4.6 993,00)0

*Did Not Fail

200 ;

UTS = 164 ksi at IOOOF

TYS,142 ksi IOOOf F
S... IOOOF Edge nioCh, raO.022"

as O t a 3600 , • KI.3.0

Air Atmosphere
Specimens edge-polished A AS0--- befwe heat-treating

-As 0 AxialoLoad

'Il

130

CIC11 to Foiut -

S-N DIA.,M FOR ALLOY 718 SHE.ET AT low) r V~fl STIMS RATIO. A * 0 (.motch*J and

edge -not ý.ýd) ).

M kl.a ý . r -t '7 -'O ) :_rtcr _ l,! lA !T 0 i [_32 4
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Fatigue data for Allay 718 sheet at 1200 F and stress ratio, A - - and beat
treated as per AKF 5596A.

Ref: 65927

St eras aximu
Concentration, Test Stress Cycles to

Kt Direction (kii) Failure

1.0 T 47.5 29,430,000 DNF*

" " 49.0 5,491,000

"50,0 '43,000
"52.5 205,000
"55.0 17,000

"62.5 4,000
65.0 2,000

"L 55.0 14,000
3.0 T 20.0 26,240,,M00 DNF

"2).0 23,250,000

"22.5 233,000
"25.0 130,000

- )id Not Fail

90

_Atloy 718 shtel

Sa 159 k': at 120OF
s0 o - TYSa 134 ksi at 1200F

- Lonqiludinot 1200F
1f 360C zpr.l

S70 0 £• Tronahverse Ai, 'tmosphere

Specimens etgt-oci shaJ
I ---- ------ --- __ befora heat-treri~ng

~60-__ A a Axial L004

inn I Ib

3 0

4 0 . . ......................- _u.o:•,c ._: * _.....

•0 ........................ .............. L
Edge notch. t'00Z2?

5~ '05 7

10tot
C-7clat to Fokwit

S-N :ýIAC.A." Tr) ALX.h) 7'A SMUT AT I VIr T%! STR' 'S WAltl. A-n * ~ t "14

and edge-notcPwd)

IL
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Fatigue data for Alloy 715 *beet at 1200 F and Stress ratio, A *1.0 and

Co1~c~otration. Te t Stress Cycles to
KtDirectioD (kst) Fisr

1.0 7 d1.0 29.2W0000 Dol
-90.0 2,603,000

95.0 942,000
100.0 7*6,000
105.0 91,000

3.0 "33.0 25.250,000 WIT
35.0 18,090,0"
37.0 9,204,000
37.5 6559,00
40.0 419,000
42.5 3,0

*Did Not F~il

100'60cr

go- -og~e -

AsIt Auiot Lo4.
TreantrDtc~

be f

50 -.

Edgee hcc.f002

40-4

Deternse Me'.wr. into' nmtcion Cvvnt4te- Bnt,.e le Mr*--> niC O-c43 0
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Fa~ti1g. data tar Alloy 718 Oaret at 1200 F aind stress ratio A 0
(stress naptwor) sod boat treated as per ANS SIPUA.

Stress ptaxit Tim* to fttptur*
Cowomr'ttlae, test Stress Euvla

NDirect Lou (kog.) EMT$ Crcle,

11.0 T93.5 11. 2.i6". 000

110.0 9.6 Z4. 0-,3.w

;_13.0 C.17 61V. 000

3.0 *)026.0 tt.,,w

as8 0 733. 1 S,5. 6 000

-100.0 19.0 1

-1-10.0 b Iw

_) - 35.00.s7.50.000

*-TYSa 134 t. ali20~CF

1210 ~As# imospictC

11£'O k aaeLoW
Ito 5 . ~C~'tP% ~.t1za

_.ct

4- '1 V 5 - ILA:-.,- 7

Cp4b. 4i z %c
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II Met&W of AMoy Alloy 715dta
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PO,- 16 of 20

Fatigue data for Alloy 718 ahe' at 1400 F &Ad stress ratio, A * * and heat
treated as per ,u,'S 5396A.

Ref: 65927

Strpsj Kaxiim
Cnncentr atiots, Test Stress Cycleoi to

Kt Direction (k-l) failure

1.0 T 35.0 24,60.000 0M
"38.0 6,169,000
"38.0 26,130,000 DlFr
"40.0 16,150,000

" "42.0 $71.000
" "42.0 7,610.000

42.5 1,795.000
42.5 12,570,000
"44.0 9.000
"45.0 14,000
45.0 12,000.000
45.0 15,%.,0,000
"46.0 41.000
47.0 68,000
48.0 9,000
48.0 130,000

"L 38.0 7,570,000
3.0 T 17.5 25,100,000 MIT

"19. C, 514,000
19.0 5,577,000
20.0 1, 84,000
21.0 186,000
25.0 36,000

L 19.0 18,200,000
"21.0 151,000

*Did Not fail
SC Alloy 7,8 shoot

UTS&iI5 kgi of 140OF

70 Y -YS a:01 ksi of 1400F
14COF

0 A LOnItudmal - I 3600 cOm

G 6( 0 - T eonivers - . . Air AtnO bsphere
SPecimens ed~g-G.oiishedhg fo0 heot-treotinq

•"A 0, "ofA Load

40 00*4° ,. -. . . . ......
---- Umc-----........... otcf.d..

20 -

CyCIe' fO Feolure

5-N VIM3A, P•I( ALL0T 718 $11"T AT I,0U 0 VIT% STElSS RATIO. A- (unotched

4nd ede-.ftetcted)

Oefpr'rtc- N-i'. ; -rnjtcŽ' . Bat c) - (-,, ry--i ........O- " 4.320 ..1
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?atigU. data for AllOy 718 sheet at 1400 7 a%d stress ratio. A - 1.5 and heat
*reatd as per A mS 5596A.

tef: 65927

stress aximsm
Concentration, Test stress Cycles to

I_ Direction (k*L) failure

1.0 T 45.0 29,550,000 W"17
"50.0 25,180,000 DI"
"53.0 8.240,000
"55.0 10,760,000
"57.5 17,540,000
"62.5 1,929,000"62.5 7,962,000
"65.0 4,776,000
"65.0 5,467,000
"70.0 6,055,000
"75.0 382,000"75.0 920.000
"77.5 227,000
"77.5 452,000
"77.5 1,413,000
"80.0 493,000
"60.0 659,000
"87.5 14.000

L 70.0 2,132.000
3.0 T 22.5 26.320,000 DWI?

"25.0 6,176,000
"25.0 30,120,000
"27.5 3,779.000"30.0 531,000
"35.0 166,000

"L 27.5 1,354.000
30.0 810.000

*Did Not Fail

"All oy 718 Shei.t

70 UTSIIS ksi at 1400F F-
TYSa 101 hsi of 140OF
t400 F

0- " 3600.... . -
0 Air Atmosphere - 0

- Specimens ege oo-iId _-...-.
before heat-treating 0 O~.ufO

30 A 1.5 AsolLO

- -0. . . . . . . .. *.-... ....

400

totoIc

CyCleI to FG-1u.,
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Alloy 718 Bars, Forgings, and Billet

Annealed at 1750 F and Aged

Tensile Strength

See Page IV-58 for Heat Treatment Conditions
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LOT Ps4(0 I? LOT NumaM0 5

TILLD STI(4OTM TOW5LE tL4 *.A. YIELD0 STRENGTH IFSILC ELO"4 P.A.

TE.. 0.0 sew. C r2*. Pf6 P00 TEST ?wp 0.02 PC 6.2 PC rrTc.,4?H Pn P"r VV1

S 100 10 10 PS0 Or00 PO Mfg" C. lose ps J00ose00 PSI '640 PSI CE%? CENT? nip

1*0 133.6 360.6 To IT!.) 1:'1:4 120 3.

3400 02.0 605.6

ACCC0IIOOO 00J04006 4159

LO k"1 MPCS(I. Ipr T9 LOT MNw.006 A

SMOOT-TintC T(4I!L( "Offoy6?3(
YIELD $0 NO Pf1 ?('SIL tLOPOG P.A.

TEO&' 0.020 6.2 PC ?3(~i POP PO 1(0 P 0 PST 10 0 60PI C'? C,? fi

S67 1,: 16 1: 7 T: it93 is.2 1.$ 26.2

3200132.3 16. 20 3. 637. 6. 30 2.
10 170.15 391.0 It.@ 30.4 1

4ccý-S0Io' W-Jef* 0-196~ ACCUSIIom 644140( 41094
LOT? 140psP(6 P LOT? WsJ"CM0

S.OW?.1"I0 ?04.OTLc P*00aT6I( S..00?-?lMC T1'sSuLP P6OP1UOTIF1

Y1(10 SIPCW94? ?0.IL LO". 0.40.L 1040 ESLE f~3 PA

t" 0.0PK 0.2 PC IT "$014 P(1 Cfi S~tmy PER1 OCR601 ?f.SLZ (2 T

P'r t;:% 100 'I 3000 11 3000 pit CENTC CET's

10 1114.1, 100.6 10 24.4 Ti 114.1, 212.1 19.) 32.2

70 14. 20n. 124 oo ~ 73.t 161.4 11.0 14.9

1*0133.1 100.3 it. 0 1.54

ties I0."9' 1"".! 10.01 3.
1006 14S.? 1712.1 1.. Is.3Acslf 00 1 70

LOT 14Um6(I a

S..O?.?1C vChsIlLf PVOPCRTI(1
4ccOillom wjA(0 fP10N.A
LOT M6,60 0e I12. tLO 9OCIUPO TENSILE (106.4 30

00.?12 (SIVPO.000:~PIS3, P1111 10e0 PSI1 :1~l Ct~of l? It 1

YIELD0 01714tw4 Tt:.iILC EL044 .~ TO 147.3 112.3 14.0 16.1s 1

It". 0.0a PC 0.0 PC 74(01 (P 03 10 !!0,: 3179.4 it. 2it I

F ties psi 1000 psi 6000 pi Cý.0 CENT FIT T0 IS*.* 160.4 30.0 20.2 T

10131 272 10.4 640. 0. 1. 0 3.1 1;

TO324 20. 50 4134 131.3 144.3 ;33.0 23.3 T'
11. 124.2 206.0 

to* 11.295

36 4. 100.1 16.2.* 1-~o1260 320.7 340.6 12.0 24.4 1

100366 1421.0 is.? P6aIle 100127.3 143.9 13.4) 23.1 1'

I'ci00lo.0j""0 C041-Ibcf%31 fl4469(611,94

LOT .'sJ-46 a L0? 690.64 9

,;(tu S1.V'.'01 7f. ILE 1LO60 '.J ELL' 676(61164 TENSILE0 (140 P.A.

I(. 4.02 Or 0.. PC 513iN.9T" P1C1 P29 It2 ,C.0 0.62j PCJ 6.2 C 47(6 PC0 PER 1001'
7 1006 041 1^60 PSI to,# psi Ef. My.. m0 1CP6 100 PSI 160 psi CEO? COO.? ni

10176.1 344.6 14.0 2S.3 70 140.? 364.4 32.0 .21 4 T

0 1.3 120:10 293 7: TO 4!. 100.2 13.0 1'..' 1
17I:1,.',6. 33.1 70 149. 3106.4 3 3. 244 A

7: 9.0 3. 13.4 23150
10 3~113 13492, 3, 2.

lye37.? 160.0 11.0 M0.

16~~~ 364.4 3,0 3.

To 349.3 08. 6 06. #

*v, ,' f 1n f r) r otn I ~ ~ r n Ilt~? Mro'mnrid Iituto.C;:tu~rnbuc, Ohici 413201
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ACCESSION 4~~01E 06002 Eli *SSI3E KJONUIN 07014
LOT NURSER to LOT NUMIVR dl

09TT2M111 TENSILE 04P*WmT1E 10007-TIME TENSTILF PROICRTIES

TicLa STRENGTH TF."IIL.1 ELONS N.A. YIEL0 STRENGTH6 T~ONSLF. CLOoG N.A.
F i000 PSI 1900 PSI 1000 PSI CENT CENT nto P 1000 Plot 1000 PSI 10100 PSI CEN " CENT MI1R

To 1011.0 IN.*1 let's 23.0 36.0 TON? 1190 568 91. T.IES1
W.0 a0, 133.5 11)0.0 23.0 4?. 0120 196 1 . v 0 2.7 6. L

tos 144.0 163.0 199.0 23.0 330 20 10. 1. TE1SIL1 1LO.I ;1.0. t
220 212.0 130.5 I 230o 0. C TEN,. PE ES T
1To 190.1 120.3 t2.1- U5.0 36.0P 200SI 00PI 200PI CN CET 10
t30 101.3 142.6 2943.0 21.0 36.0 11. 0. 2.0 1.0 4.

1100 132.0 136..1 JIM. 21.0 469 LM O im 71

SLI 10. P76 41.2 1. 3.0 LOT NUMBERt a?

lateD SYRCO. T 133.0L CLO~e 101 4.0.
lteM 01.02 Pp a. 0S4 26.0 ICWOROI PU PE ET 00-TIME TENSILP PUO#RZES
In o06PSI 116.00 losez 23.0 CEN C.T YIELD STRENGTH TENSILE ELON4 N.A.

i0n30 20. 00 4. TEMP 0.02 PC 0.2 PC 5T7!4946. PER PEN TESTr
30: 1 . 131.2 113.0 1 0.. 312 7 4 . 710005 20? 3 .

1 "9 193 ~l0 I.0 M. F 300.PI9 e S 145.0 PS2 CNT CET
1200 O? 122.2 703.1 21.5 42.0TO 17 9.260 180 0s L

lade 132.0 14A.? 172.0 IS..&5

11001330 20.0 0.0 1.5ACCESSIOA MU0JOSI 07041
SHOITs,~ 1E3.1V 203.9 2.0 2. LOT NUMOER 01

YEW 001 o 0.1PC SRENGH PE PER TFTSNOPT-TIME TENS3ILF PROPEQTIES
r og 91 ltsPTgg1Oo PSIOE CEN7 CNT il YIELD STRENGTH TFNSILE ELONA N.0.
ToO 1 WO. R 760. Z 423 TEMP 0*.O :I 0;,~2 PC' S TREWNO PER PEE ,TES

F 20 0 PS OOS 1000 PSI CENT CENT ?'10

70" 134.0 174.s 207.0 6S. 032
lees. 13290 07W T 6SIL 21.0 "0.0.1200 40.Q.3 211. 207.0 20.1 35.0t L

Pif 20609 011. 13,41 44.5 22000 PSI. 14EN? 1EN 1 2.23

1.0 210 103.5 262.0 01.0 37.0 A CCESSIONS WfoMEI 0)214
Tied 10. 123.11 104.19 . 22.4 4. LO

T 
NUMICI so

SW000-TIMk TEMSIV. 4ýAP00.0111
ACCESIZON 'WE'ft 061o4 YIEL0 STOLNOTM TENSILIE "L~046 D.A.
L. 4osa 7 TEMP 0.00 PC 0.2 PC S TxcNGTH PER PER TEST

9r-iR 1gzt 060 PSI i000 PSI 1000 031 CENT CENT Ito
70OTTM 1 SIE10 RIST 166.8 701902. 20 .70 70 .0 L.

,SILO STIr N TESILE CLOWG N.. lif0 1120.0 20..0 167.0 25.7 P3.0 L
law 0.ofl PC 6.1 6z S78(090w of* PER roSt
P loot Dot Peel k~l 1000 911I CENT CErNT film

To 240.0 270.0 294.4 210.. 34.0 CESO "o a 641
Is$# 116.% S231.0 14.9 :1.4 1`6.7 L. LOT NSSI4s 4, 071

61416 ~ ~ IitoS RENT TE NSILE '
0 4

PC
6

N.A.

LO 4001011 To EN 0.02 PC 0.1 PC STREWNT. wto oER VEIT

IPM111 F 00 lo s I ps 2000ps lc PSI 2~ 1 CENT CENT Mtn

V.1. Su VftSL (Ll *.4. 1: 274*:0 :0,: LSave 0.41 or0 45.5 2. 20014.0 P.s of*.1q
tie o0 I 200 "SI 2040 011 '11% CENT MIS 0 1,. 2.) 25 1.0 2.

'od 118.4 21340 1%4.0 09.' If. 1. ACESO O N 0 1

0v0 1)0.0 NO2. 011.0 12).t70 Irv t 11014 NA
'a. 2'.4* 04. 0.0. PC. ST O"" t K VI

~fen Metls rfornat20n 1cte 160 PSIe Me ora "I ,totut oil C ENTbs OhoT 4320
to -.-. 0-17-.1 1..--1 11.6 0.) -

N.4
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ACC[SIN¢ WMNuol 6761|4 ACCESISON NUMER 67614
L.OT NUMBERA 9 Lot NUMBER loo

SNToTIME TENSILE PROPERTIF.3 SNORT-TIME TENSIL. PROPERTIES
YIELD STYN06TM TE4SILE CLONS 0.. YIELD STRENGTN TENSILE ELONS M.A.

Ito .02 PC 0.2 PC STRENGTH pro PER TEST TEMP 0.02 PC 0.2 PC STRENGTH PER PER TESTF 1000 PSI 1000 PSI 1000 PSI CENT CENT min F 1000 PSI 1000 PSI 1000 PSI CENT CENT MIR
70 'I4.Y 1T7.0 149.0 20.1 32.0 L 70 139.5 169.S 190.0 25.6 23.9 L

70 145.0 172.0 197.? 25. 23.0 L
70 140.0 1',U. 194.0 26.6 26.1 L

"ACCESSION NU•BER 6761.
LOT o•'UMBER ore

ACCESSION NUMBER 06716

$%OIT-TIME TENSILT PROPERTIES LOY NUMBER 101
YIELD STRENGTH TENSILE[ ELONG P.A.

TEMo 0.02 PC 0.2 PC ST EN.OTY PER PER TEST SMOOT-TIME TENSILE PROPERTIES
S11000 1000 PSI 101 PSI CENT CENT nIY SYIELD STE H TENSILE ELONE .A

70 14?.S IB30S 22•.0 16.1 3A.7 TELP 0.02 PC 0.2 PC STRENGmTN PER PER TEST
1240 125.0 145.0 179.0 21.4 360. L 1000 PAN 1000 PSI 1000 PSI CENT CENT nIp

70 136.5 163.5 1418 7. 9.3 T

ACCESSION NUMBER 67614
LOT %'*AA 09 ACCESSION NUMBER $781ALOT NUMBER lo2

SORT-ME SOTTI TENSILE PROP.RTIES

YIELD STReN0TY4 TENSILE ELOneY P.A.SHR-IETNLEPORIS
TEWO 0.02 P. 0.2 PC SYPEr.0Tv, PER PER TEST YIELD STRENGTH TEOSILE ELONO R.A.F 1000 P.1 1000 PSI 1000 PSI CENT CENT niR TEMP 0.02 PC 0.2 PC STRENGTH PER PER TEST

;F 1000 PSI 1000 PSI 1010 PSI CENT CENT fIR7T0 ;'48.. 174,0 To2,5 10.1 38,1
1200 131.9 149.S 174.5 R0.5 32.9 L 7T 129.5 1600. 194.0 27.8 30.0 L

70 129.3 103.0 201.0 2.4 20.0 L
To 137.S 16S.S 196.0 16.9 23.2 T
70 13S.S 161'. 195.S 16.0 24.0 T

ACCESSION NUMBER 67614

LOT mum"ER g0

ACCESSION NUMBER (1764
S14ORT-TIME TENSIL' PROPRERTIES LOT NUMBER 123

MIELD STRNOTH TENS•-lE ELOIJO 0.A.
Taw 0.02 PC 0.2 PC STRENoTm PER PtR TeST SNORT-TtME TENSILF PROPERTIES

P 1000 P.• 1udo PSI 1400 PSI CENT CENT mil YIELD ZTRINBTM TENSYLE ELONS R.A.
c T 19.4 TEMP 0M02 P. L.0 PC STREN0TH PEn PER TFST

|4006 1F0.9 715.0 A).? 20.4 L 1000 PSI 0000 P No 1000 PSI CENT CENT nIp
!06.9 126.1 1%9.0 19.7 23.5 L

TO 123.2 149.S 101. 9.8 9.5 T
e0 118.S 149., 1s7.0 8.2 11.0
'0 j.3S. 100.0 145.0 27.' 32.? 1

ACCESS10t: NUkPKE 07614
LOT NUMBER 91

S$R-l*4 ESILI POOPEIPTIES JCCESSION NUMBER 07610
YIELO STRINGYT TENSIkE ELO" N.A. LOT Nu.MBCR 104

TEMP 0.02 PC 0.1 PC STREN44T PER PER 7E1?
P 1000 PS1 Ss00 PSI 1000 PSI CE,47 CIMT f:0 SNORT-TIME TENSILr PROPERTIES
is 157.% 19..0 200.S 2.9 32.80 L YIELD STRENOT0 TENI11 11LON6 C.A.

I TlIe 144 S8.• :.•|.0 22.4 30.1 L TEMP 0..2 PC 0.1 PC STRENGTH PER OCR YEqT
F 1000 *Sl 1000 PSI 1000 PSI CENT CENT MIN

To 149.0 ITS. 1078 12,7 4.9 L
7% 149.4 174.I 11.•5 80. 11.6 LACCESSIO 1 M•UNBER 0041'

LOT NUMBER

S..O*T-Tit TENSILE TIE ACCSION NUMBER 67604

TI1LO Sit RNOT" TENSILE ELONR N.A. LOT NUMBER 10%
T[MP .02 PC 0.W PC STRY.k,4 ONR at* TrETI

P WS PSI 1400 Pit logo Pit CENT CINT 'VIsSotW1 TMI POE IS
T7 1113.0 17.5 167.28 11.- ISS 7 vio STRNT[Tn TENSILE CLONG N.A.
14 I0.5 1•0.E 198,1 10,0 10.4 t T5MP 0..1 PC 0.2 PC TY M PEr o (R TEST
Y, 144.4 00.0 104.5 IS. T 16,1 T F 10P0 PSI l0a0 PSI 1000 Pol CENT CINT nIR

M1@0 143.% l6(, 112.S 10.4 IV. '
Ill% 126. 13,1. 121.% I&.8 IS.3 T $4, P 199.* 14.3 I3.9 T
10 24*.S 0 111.2 l%.% 20.1 04.4 T 0o 1|4,0 • I94.s 16. 22.6 I

7o 1Ma.0 16, 0 194.0 1RA4 6.0 L

is 14.,8 173.0 194.2 0 42.2

Oefense Metals information Center. Battelle Mcmorial Institute . Coiumbus. Ohio 43201



ACCESSION NUMBER 67614 ACCESSION MNUMER 67614

LOT MNUGER 106 LOT NUNRIR 113

SHOOT-TIME TENSILE PROPERTIES $NOT.TIME TENST..A PROPERTIES

O.YIELD STPENVTHMP TENILE [LONG .. YIELO STRENGTH TENSILE. PLaS ';,A.

TEMP 0.2P 2 CP STREGT PEME TEST TEMP 0.2 or 02P SiNY PER PR TS

F 1000 PSI Inai PSI 11000"PISI CIENT CENT MID F 1000 PSI 1000 PSI lon0 PSI CE:PT CENT MIR

ACCESSION SU4,EN 6749!!

ACCESSION NUMBER 67614 SNORT-TIN4E TENSILF WPOPYRVICS

YIELD STRENGTH TENSILE ELOWG P.A.

SHORT-TINE TENSILP! PROPERTIES TEMP 0.02 PC 02 PC STRENGTH PER PIER E

YIELD STRENGTH TENSILE ELONA 0.4. 100PI 00PS 100 SI CN CET '6

TEMP 0.02 r!: 0.2 PC STRENGTH Pelt PER TEST I7 111.0 173.0 2016.0 20.% '2.0 L

P 1000 psi 1000 PSI 1000 PSI CENT CENT MIR 1200 134.0 152.0 1,0.0 14..4 32.3 L

TO 141.9 174.5 190.0 12.9 10.9
TO0 141.5 174.1 19R.0 12.9 13.2 T
TO 1 19.0 171.5 190.0 19.1 16.6 T
To 131.1 171.0 196.0 1'.2 10.5 7
70 130.0 169.1 200.5 16. 23.4 7 ACCESSION NUMBER 4765?

TO 141.9 177.0 200.0 7.9 10.1 1 LOT NUMRER 1n
t0 137.0 160.0 19741 4.1 6.? T

SHORT-TINE TENSILF P*OPFRTIES

YIELD STRENGTH TFNSILE ELONO P.A.

ACCESSION NUMBER 67614 TEMP 0.02 PC 0 .? PC STRE*,4TH PER PER TEST
LOT NUMRPE lop P 1000 PSI 1000 PSI Ion0 PSI CENT CENT MIRE

SHORT-TIME TENSILP PROPERTIES 7? 111.0 179.0 P12.0 21.9 40.0 L
1200 135.0 193.0 174.0 17.S 39.6 L

YIELD STREW4TH TENSILE ELONG R.A.

TEMP 0.02 PC 0.2 PC STRENGTH PER PER TEST
F 1000 PSI 1000 PSI Joao PSI CENT CENT MIR

T0 130.1 163.1 161.5 23.4 32.S T ACCESSION MNUMER 67607

T0 134.1 140.1 163.1 10.4 33.9 T LOT NUMBER 11

70 131.1 161.0 104.0 14.6 201.0 T
To 136.5 163.S 194.0 11.0 24.4
70 143.0 174.0 192.4 7.0 13.0 T SA.OPT-TINE TFNSILE PROPERTIES

70 144.0 17S.5 197.0 12.2 11.1 lt STEGHENIE LO PA

T0 144.1 177.5 197.4 13.7 16.1 7IL TEGHTNIE (OG 04

T0 135.1 I71.1 195.0 14.6 16.4 TEMP 0.02 PC 0.2 PC STRENGTH O'ER OER TEST
F 100 PSI 1000 PSI 1000 PSI CENT CENT MIRO

77 21.0 177.0 209.0 10.7 33.3 L

ACCESSION NUMBER 67614 20 3. S. 7. 0? 3.

LOT NURSER 109

TSNOUT-TIME TENSILE PROPERTIES

YILD STRENGTH TENSILE ELONG R.A.
TEMP 0.02 PC 0.2 PC STRENGTH PER PCE TEST

F 1000 PSI 1000 PSI 2000 PSI CENT CENT MIRI

70 14.9.S 169.1 109.1 13.0 13.0 T

ACCESSION NUMaER 6471'
0.T NUMBER 110

SNORT-?TINE TENSILE PROPERTICS

YIELD STRENGTH TWNILE CLO0.6 6.A.

TCMP 0.02 PC 4.2 PC STRPIMITM PER PE* TEST
P 1000 PSI 1000 PSI 2001, psi CENT CENT MIR

70 146.5 T17.6 149.% 16.6 P2.0
70 147.0 174.0 297.3 126.5 22.3
70 244.s IT0.$ 103.5 21.p1 4.4

IT, I4T: 172.1'1 ,:, I'.' 6 27

70 14a 7. 0. 42 1.

Defense Metals Information Center.- Battelle Memorial ln!7vitulte - Coltimbus Chirn 43201
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Tensile properties at cryogenic, room, and elevated temperatures

for Alloy 718 bars, forgings, and billets.

Lot
Reference NO. Heat Treatment

50031 1 "Aged"
63742 1 8 hr/1325 F, 8 hr/1l5O F
63743 1 45 min/1950 F, 10 hr/1400 7, 10 hr/12OO F
67595 11 1 hr/1750 F, 8 hr/1325 F, 10 hr/1150 F
67595 12 1 hr/1750 F, 8 hr/1325 F, 10 hr/1150 F
67596 1 1 hr11750 F, 8 hr11325 F, 10 hr/1150 F
67596 2 1 hr/1750 F, 8 hr/1325 F, 10 hr/1150 F
67596 3 1 hr/1800 F, 8 hi-/1325 F, 8 hr/1150 F

167596 4 1 hr/1950 F. 10 h,-/1400 F, 10 hr/1200 F
67596 5 1 hr/1950 F, 10 hr;1400 F, 10 hr/1200 F
67596 6 1 hr/1950 F, 10 hr/1400 F, 10 hr/1200 F
67596 7 1 hr/1950 F, 10 hr/1400 F, 10 hr/1200 F
67596 8 1 hr/1750 F, 8 hr/1325 F, 10 hr/1150 F
67596 9 1 hr/1950 F, 10 hr/1400 F, 10 hr/1200 F
67602 20 1 hr/1750 F, 8 hr/1325 F, 8 hr/1150 F
67602 21 1 hr/1750 F, 8 hr/1325 F
67614 78 1 hr/1700 F, 8 hr/1325 F, 18 hr/1150 F
67614 79 1 hr/1700 F, 8 hr11325 F, 18 hr/115O F
67614 so 1 hr/1700 F, 8 hr/1325 F, 18 hr/1150 F 0
67614 81 1 hr/1700 F, 8 hr/1325 F, 18 hr/1150 F
67614 82 1 hr/1700 F, 8 br/1325 F, 18 hr/11S0 F
67614 83 1 hr/1700 F, 8 hr/1325 F. 18 hr/1150 F
67614 84 1 hr/1750 F, 8 hr/1325 F. 18 hr/1150 F
67614 85 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 86 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 87 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 88 1 hr.'1750 F, 8 hr/1325 F, 18 hr/1l50 F
67614 89 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 90 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 91 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 IF
67614 99 1 hr/1750 F, 8 hr/1325 F, 10 hr/11S0 F
67614 100 2 hr/1750 F, 8 hr/1325 F, 10 hr/1150 F
67614 101 2 hr/1750 F, 8 hr/1325 F, 10 hr/115O F
67614 102 ' hr/1750 F, 8 hr/1325 F, 10 hr/110 IF
67614 103 2 hr/1750 F, 8 hr/1325 F, 10 hr/115O F
67614 104 2 hr/1750 F, a hr/1325 F, 10 hr/1150 F
6761'. 105 2 hr/1750 F. 8 hr/1325 F. 10 hr/1lS0 F
67614 106 2 hr/1950 F, 10 hr/1400 F, 10 hr/1200 F
67614 107 2 hr/19S0 F, 10 hr/1400 F, 10 hr/1200 F
67614 108 2 hr/1950 F, 10 hr/1400 F, 10 hr/1200 F
67614 109 2 hr/1950 1F, 10 hr/1400 F, 10 hr/1200 P'
67614 110 2 hr/1950 F, 10 hr/14C'0 F. 1.0 hr/1ZOO F
67614 Ill 2 hr/1950 F, 10 hr/1400 F, 10 hr/1100 IF
67614 112 2 hr/195O F, 10 hr/14O0 F, 10 hrIIOC, F
67614 113 1 hr/l800 F, 8 hr/1325 F, 1S hr/110 IF
67657 9 1 hr/1750 F, S hr/1325 F, 8 hr/110 IF
67657 10 1 hr/1750 F, S hr/1325 F. S br/1150 F
67657 11 1 hr/1750 11, S hr/1325 F, S hr/11SC F

Defense Metals Information Center - Battelle Memorial Institute - Columbus. Ohio 43201 i
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impact properties of Alloy 713 It craotauIC tmpesaures. Itbh 41l1
annealed and be•t treactJ speciawas wre tested. Specime. were mecMh-..d to
the dLneaitocs shoms In figures iroa standtd Mo. S taper pies. IUe *ubstsadard
size was mecessary des to the 30 It-lb capacity of the testis& machias.

leat treet ,t utilixod vas: aiW at 1325 F for 7 beors. farasc,
cooled at 20 V per hour to 1150 I. sad sit cool-ed out at furnace.

Impact Isargy to ft-lbh.
Test Temperature Allay 718 Allay 718

K eAse led most Treated

300 8.3 1.0
300 8.1 1.0

300 7.6 1.0
300 8.4 L-1
300 70l

aon. 7.9 avn. 1.0

194 3.1 1.0
194 8.3 1.2
194 7.4 1.0
194 7.0 0.9

avn. 8.0 avn. 1.0

) ; 8.2 0.14

77 ?.3 0.8
77 '.0 0.7
77 7.$ 0.7

avg. 7.4 avg. 0.78

20 7.9 0.7
20 7.6 0.?
: 7.6 0.8

•o7.3 9,11

- .6 ;.0.1;

set: KI2C 62M*

0 0

*OT¢C OmIN$ O.O" 0

D~ef en. MetasI mt ~rMetao-)n C41ter - B tt4e,; ywrxr ke - Cok ~ . O1't o 4320



Ab L0 P
unmoched (Kt 1.0) reoc~att bendin fatl~as data at rom •peract, (ew OOh*Le
Created sad aged Allay ?tS bar, a -01 (A -o) bease treated as felleme:

Selatim created 1750 F(1 br.) A.C.
Med1325 IP($ br.) F.C.

fted 1150 11(0 hr.) A.C.r
elo: A

law ¢Clycoat, Kis ¢yclog"
Stress Stressl

j# gne -Lk-i Cycles IMMI1STO

100.0 121.000 Failed
94,.0 2"3,000 Fa8i1ed
85.0 10.163.000 tam out
W0. 1.193.000 Faled

87.5 2.80".000 falead
W6. 10.023,000 Failed

87.0 11,071,000 am set
105.0 09,000 Failed

100.0 12,000 85.0 3,320,000 faled
100.0 6,000 $5.0 930,00 Failed
90. 45,000 85.0 1 .•6I000 ref1ed /
90.0 11,250 83.0 10,0A4,000 am esa
90.0 25.174 85.0 3.354.000 Faled

1i00.0 1,300 81.0 4,6",00 y"fled
100.0 1.300 85.0 940000 ftied
100.0 730 82.0 10,027.000 am out
110.0 286 82.0 2,978.000 Fatled

S103.0 437 U2.0 11,071.00 am set
S110.0 1" 82.0 27.081.000 tam out
S10S.0 Ms5 82.0 24. SmA,= am oat
•9S.0 3.250 82.0 10,022,000 am set

95.0 65,000 82.0 3.963,0m Failed
105.0 Us5 82.0 1.274.000 VaiLed
88.0 50,000 82.0 936.000 Failed

*Tooted at too CPO at SAICated stress revel to uiedtced SM&W ofCe te$•
Wolevied by comeatematl bIg~b C•lee teetiag to 107 Cycles or fallen.

we T~ested at 10.000 CPO. wte. o.

L -

Failed
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Strsss-Rhptur Tius

See Heat Treatment Conditions on Page TV-68
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p, 2 of

Alloy 718 Bars, Forgings, and Billet

Annealed at 1750 F and Aged

1W - -~lw.- m

Ma f

Rapture Strength
See Heat Treatment Cond&.tioits an Page IV-68
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Creep and rupture properties at elevated temperatures f or Alloy 718

bars, forgings, and billets.

Lot
Reference No.L Heat Treatment

67596 2 1 hr/1750 F, 8 hr/1325 F, 10 hr/115C F
67596 3 1 br/l800 F, 8 hr/1325 F, 8 hr/1150 F
67602 20 1 hr11750 F, 8 hr/1-325 F, 8 hr/1150 F

671 81h/70F r12 ,1 r1567602 21 1 hr/1750 F, 8 hr/1325 F
67614 78 1 hr/1700 F, 8 hr11325 F, 18 hr/1lSO F
67614 79 1 hr/1700 F, 8 hr11325 F, 18 hr/1150 F
67614 81 1 hr/1700 F, 8 hr/1325 F, 18 hr/1150 F
67614 82 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 83 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 84 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 84 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 88 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 89 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 890 1 hr/1750 F, 8 hr11325 F, 18 hr/1150 F
67614 91 1 hr/1750 F, 8 hr/1325 F, 18 hr/1150 F
67614 99 1 hr/1750 F, 8 hr/1325 F, 10 hr/1150 F (
67614 113 1 hr/1800 F, 10 hr/1400 F, 10 hr/1200 F
67657 9 1 hr/1750 F, 8 br/1325 F, 8 hr/1150 F
67657 10 1 hr/1750 F, 8 hr/1325 F, 8 hr/i150 F
67657 11 1 hr/1750 F, 8 hr/1325 F, 8 hr/1150 F

Defense Metals Information Center Bettogile Merriorial ;nsttjtý,Ju Columbus. Ohlo 43201
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Alloy 718
Castings

100 F I I h.
1320 F 16hk./AC.

1

+" +

I.,

0I

10 -1e 0 ILC) 1uownw. r

Tensile Strength

1000O F /iW,.
•t132 ,

0i_ 10 " A ' I

.2% Yield Strength
See Page IV-71 For Heat Treatment Conditions

Oefense Metals Information Center- B3ttelle Memorial Institute Columbus. Ohio 43201
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Room-temperature compression data for one heat of cast Alloy 718
are presented below.

0.2% Offset IC,
Compressive Compressive 6

pdii Yiel•d Strenmcb. kgi Ultiaete Strenath. kai 10 ROL

Solution
Treated 350 Not detected 6.3

Solution
Treated 413 3800 5.8

Aged 840 3660 6.4
Aged 871 3210 6.8

Beat 65-506

Solution Treated: 1800 F/2 brs/Air Cool
Aged: 1325 F/8 hrs/Furnace Cool to 1150 F-bold 8 hrs-Air Cool (i-)

abased upon load at failure and original cross sectional area.
All failures vere ductile shear type.

lef: 63618

_ _ _ _ _ _ .

--



Cryogenic, roand elevated temerature charpy Lapact data for
one beat of Alloy 718 are presented below:

Test lmpact Streoath,

Aged -40 10.0
Aged -40 13.2
Aged -40 12.6
Aged -40 11.2
Aged R.T. 12.7
Aged R.T. 13.7
Aged L.T. 15.7
Aged R.T. 13.6
Aged 1200 18.6
Aged 1200 16.8
Aged 1200 19.8

O Aged 1200 18.5

Beat 65-506

Solution Treated: 1800 F/2 hrs, A.C.
Aged: 1325 F/8 hra, Fuzoace cooled to 1150 F, hold

for 8 hre., A.C.

Ref- 63618

0

Dlf~ri--,. F4INeb-- k,fcyvret•r G~vflr-. IBqt..M•o e r• j•.,tt- Cafr•.rtb•. OI" 4320'"
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Cryogenic. room, and elevated temperatvre fracture -toughmess data
for ane beat of cast Alloy 718 ane presented below. Charpy impact test
specimens were pre-cracked in bond ing fat igue to an average depth of 0.2
inches at the root of the notch following beat treatment:

__ _ mEergy to G

Agd-40 6.6 732
Aged -40 6.5 709
Aged 1.40 6.0 840

A#*d I.T. 7.8 828
Aged I.T. 5.7 640
Aged I.T. 5.8 595
Ageod 1200 10.7 1182
Aged 1200 12.7 1268
Aged 1200 9.3 1046
Aged 1200 10.6 1173

Seat 65-506

Solution Treated: 1800 F/2 bis/A.C.
Aged: 1325 F/8 his/furaace cooled to 1150 T bo hld for

K 8 hro/A.C.

Ws: 63618

ip !- ~ ,Ia ~ ---n kniktý-C "-14 20



Thermal fatigue data for one heat of cast Alloy 718 are presented

cycles Meating cooling
TOW-~ to Compressive Tensile

Codtm CC @fiae Stress, ML Stress. kai

Aged 300-1400 920 762
Aged 300-1400 771 788 92D
Aged 300-1400 387 866 893
Aged 300-1200 599 827
Aged 300-1200 *1100 368

*Test discontinued after 1000 cycles vitbout failure

Best 65-506

Solution Treated: 1800 F/2 bralA.C.
Aged: 1325 F/8 bro/Furnace cooled to 1150 F -- held for0 8 brs/A.C.

a esting time 0.5 Wo.utev; cooling tim, 2.5 minutes.

Ref: 63618



ACCESSIONd *)WOR. SM1

LOT *)wSER 3

ORIGINAL. CAEEP AtJO RUPTURE OATA

STRESS OURA. NMth RATE TOTAL W)PTURE 4AR0
TfooP 1000 Tie" P"R CENT CREEP EL RA AFTER

P PSI 409*5 P" topR PER ceve PER CENT TEST

1200 66.0 67.*R .0)6is .
1300 .?2.S 904R lies ,0 3,2
1300: 60.0 109,*fin .01 7.A 6e3

- ACCESSION miUPMR 6)616

LOT NVODEW

ORIGINAL CREEP ANDO UPTLWE OATA

STRESS "UA- MIN *ATE TOTAL RUPTURE 044RC
TEsP.'m 1000 TIMN PFQ CEN'T CREEP EL RA AFTER

F PSI "OU1RS pro "ecU. PER, CENT PER CENT TEST

1300 72.S 9**P .054 1.0 3.2

Ixafromca Meet Treetummt

(3618 3 2 hrliSO 7. 8 br/1325 Y. 8 br/115O f

-63618 4 2 hr.01900 F. 8 br/13ZS F. 8 hr/1150 f
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Specifications

As was indicatcd in the sections covering the metallography and heat
treatment cf Alloy 718, "oth the composition and the heat treatment o" chis
alloy tend to differ according to O!e intended application. It is for this
reason that &I:e applicable specifications can usually be identified as
pertaining to creep-rupture or short-timse arplications. The "creep-rupt,ire"
specifications are usually preferred for jet-engine applications, while the
"short-time" specifications cover material for pressure vessels and for
applications involvitii relatively short exposures at elevated temperatures.

Alloy 718 is covered by eight Aerospace Miterial Specifications,
which are listed below. In addition, it is covered by a number of proprietary
sp'2cificat' ns, some of which are includcd in the table of chemical co, positions
on the fo .owing page.

Aerospace Material Specifications for Alloy 718

Specification TXpe of Product _Application
AMS 5383 Investment Castings Creep-rupture

AMS 5589 Tubing Creep-r,,pture
AMS 5590 Te6rinj Short-time

SAMS 5596 Sheet, Strip, Plate Creep-rupture
AMS 5597 Sheet, Strip, Plate Short-tin.
AMS 5662, 5663 &mrs, forgings Creep-eupture
AMS 566b4 Brs, forgings Short-ci•,

.2
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Specifications

(9)

CHEMICAL COMPOSITION OF ALLOY 718 ACCORDING TO VARIOUS SPECIFICATIOKS

Amount Specified(a). percent
Speciticatien Si Nn S Cu

Identification Compmny Cb + Ta Ti Al B C (max) (max) (max) (max)

AlS 5596A SAE 5.00-5.50 0.65-1 15 0.40-0.80 0.002-0.006 0.03-0.10 0.35 0.35 0.015 0 10
AlS 5597 SAE 4.75-5.50 0.65-1.15 0.20-0.80 0.006 max 0.08 max 0.35 0.35 0,015 0.10
AMS 5663 SAE 4.75-5,50 0.65-1.15 0.20-0.80 0.006 wx 0.08 max 0.35 0.35 0.015 0.10
AlS 5664 SAi 4.75-5.50 0.65-1.15 0.20-0.80 0.006 max 0.08 max 0.35 0.35 0.015 0.10
AGC-44152 Aerojet-General4.75-5.5 0.65-1.40 0.10-0.80 0.001-O.0C;0 0.10 max 0.45 0.45 0.015 0.30
EMS 580F AiResearch 4.75-5.50 0.7-1.4 0.2-0.7 0.006 max 0.08 max 0.45 0.40 0.015 0.30

Manufacturing

Company
EMS 581D AiResearch 4.75-5.50 0.7-1.4 .0.2-0.8 0.006 mar. 0.08 max 0.45 0.40 0.015 0.30

Manufacturing
Company

65OT69-S6 Genercl Elec- 4.75-5.50 0.70-1.40 0.20-0.80 0.002-0.010 0.10 max 0.45 0.35 0.03 0.75
tric Company,
Large Jet
Engine Departmert

C50T79(S1) General Elec- 5.0'0-5.50 0.65-1.15 0.40-0.80 0.002-0.010 0.10 max 0.40 0.35 0.03 --
tric Company,
Large Jet

Engine Department
RB0170-101 North American 5.00-5.50 0.85-1.15 0.40-0.70 0.006 max 0.06 max 0.35 0.35 0.015 0.30

Aviation-
Rockotdyne

R9017Oo033"E"lorth American 4.705-:50 0,70-1.40 0.20-0.30 0.006 0.03-01x 0.45 0.40 0.015 0.30
Aviation-

Rlocketdyne

230170-039 North American 4.75-5.50 0.65-1.15 0.35-0.85 0.006 max 0.03-0.10 0.45 0.40 0.015 0.15

Aviation-
Rocket d)-n

M 1009-C Pratt and 5.00-5.50 0.65-1.15 0.40-0.30 0.006 max 0.03-0.10 0.35 0.35 0.015 0.10

W'hitney

Aircraft
9-222(A) Solar 4.75-5.50 0.70-1.2 0.20-0.80 0.001-0.007 0.03-0.10 0.45 0.35 0.015 0.30
9-221(A) Solar 4.75-5-50 0.70-1.2 0.20-0.80 0.001-.0,007 0.03-0.10 0.45 0.35 0.015 0.30

(a) In addition to the elements sham ia the table, all specifications call fit the followinag:

Co. 1.00 max; Nt * Co. 50.00-55.00; Cr, 17.00-21.00; no. 2.80-3.30; Fe. balance.
Wahen specified. F is 0.015 maximum. T* io listed in RU30170-101 as 0.50 max and to 150TM9-S6 as
1.00 man.

I
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Chemical Compositions for Data Sheets in Section IV
p. 1of 4

Reference LoL Chemical Componition

N! ro CR Mo FE C H TI AL ce

-0031 1 (Composition not reported.,,

51792 1

2

3

4

5

5ý290 1 52.29 18.80 3.12 18.84 .04 .85 .35 Rol%

61323 1 b2.00 .06 18.6H 3.07 19.16 .04 .On2 1.01 .33 S.19

2 52.no .16 1l.68 3.07 19.16 .04 .002 1.01 .33 5.19

3 62.00 .06 1A.68 3.07 19,16 .04 .00? 1.01 .33 i.19

63618 1

2

3

4

63640 1 4AL, 0R.69 3.07 1F.95 .0' .003 .I .77

S63742 1

63743 1 S2.41 IQ.41 3.05 .0g .0o7 .91 *A3

65177 6 53.16 18.9? 3.12 17.34 .06 .98 .34 c.23

7 SI.16 10.-9 3.17 17,34 .05 .98 .34 5.23

8 51.45 17.73 3.27 18.96 .05 .64 .45 4.88

9 53.45 17.73 3.27 18.96 .05 .64 .45 4.88

il 5?1)9 4q40 J.12 18.84 .00 .80 .3S 5.15

ii 67.?9 18.o0 1.17 18.84 .04. .65 .35 5.15

14 S7.16 19.24 3.10 18,44 .03 .84 *43 5.16

15 v.16 19.24 3.10 18.44 .03 .84 .43 5.16

16 4P.16 19.24 1.n 18.44 .03 .84 .43 5.16

II SI. 0 19.00 J.O6 ,08 .90 .60

I? 5.. n0 19.00 J.00 .Q .o0 .60

%7 6.43 .11 18.78 3.00 .03 .003 1.06 .60 5.25

.1 1.s Pai . ?M .00 .0. .vOM3 1no, .060 S.Ps

S, .11 Ib.78 3.00 .01 *M 1 .nol An ,0 .,

%•.i3 .11 18.7 ).Oft .03 .OM3 1.06 .&0 5.25

r a r•ln , ItI n-, rerp t vO t1
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p. 2of4

Reference Lot Chemlc" 1 Compositlon
NT CO CR MO FE C 8 TI AL CS

67596 5 57.03 .11 1•068 3.00 .03 .003 1.06 060 5.2S

6 S2.03 oil 18.18 3.00 e03 .003 1.06 .60 s.25

7 5?.63 .11 18.78 3.00 .03 .003 1.06 060 5.2S

S 52.35 .07 19.46 3.01 .03b S00S .99 .43 5.30

9 1.35 .q7 lV.46 3.01 .036 .on* .94 .43 5.30

67602 20 53.23 .56 i.75 2.99 .07 .01) .94 .64

21 5.61 180.24 2.81 16.43 .06 .77 .49

22 53.78 18.00 3.20 .909 004 .83 .56

67609 39 52.10 19.69 2.97 .06 .006 .81 .60 5.24

40 S2.00 19.00 3.00 .08 .00S .83 .55 5.20

41 51.70 19.00 3.00 .07 .004 .80 .71 5.20

42 so.65 20.00 2A2 .09 .005 .82 .57 4.77

67613 24 51.30 19.70 3.40 .05 .006 1.14 .46 5.60

25 51.70 20.30 3.10 .08 .004 .85 .74 4.88

26 13.40 19*OC 3.36 .00 .003 1.20 .48 4.91

27 54.00 18.85 3.23 .04 111 .52 S.27

28 52.30 18.70 3.28 .05 .302 1.10 .40 4.96

29 54.52 1N.20 2.95 .05 .00 .05 .68 S.95

33 5..20 IP.60 ;.80 "02 .0n6 1.00 .48 S.03

31 51.TO 19.80 2.OS .06 .0!3 .69 .56 5.15

32 51.70 18.30 3.00 .03 .00' .70 *48 s.oS

33 bS.nO iA.70 3.25 .06 .OM6 .93 .40 5.2?

14 53.60 !..80 3.14 .06 .Aq SS 4.76

35 53.30 1.0so 3.12 .en. .90 .SO 4.94

36 54.00 1M410 3.72 .06 .95 .64 5008

37 b3.00 14.40 2.40 .07 .,3 .1 3 4.72

38 s5.80 19.000 .10 .03 .60 .3*7 4,0

39 S1.70 10.4n 3.78 .0' .03 .5A %,%

67614 78 %7.00 .10 1b.0o 3.00 .033 .004 .90 .Sc s.2s

79 S2.00 .18 10.70 3.37 .03d .004 .93 .46 S.O0

so S2o40 .42 19.00 3.0z .0t3 .004 .09 .44 5.20

81 52.40 .42 19.00 3.02 .043 .004 .9e .44

* uiancv. if not reported.
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6714 8332Z .OA4 '905 65 I
83 S?.20 .10 16080 390C .033 .004 090 .sc

84 51.2c .10 18000 3.0o .033 0004 .90 .40

85 52.no '18 1ASO 3.07 .038 .4"4 .93 .46 %00

86 51.010 .10 1p.?O 3.00 -033 .003 .013 .47 5.20

87 51.4 0  .10 140.5f 2.94 .004 .OAS 1.00 .%4 %,1w

88 S108o .10 18.40 2.94 .068 .005 1.00 .54 5.12

89 5101,0 010 1R*SE) 2.94 .008 nos5 1.00 .54 14*17

90 52.00 .!)4 10.00 3.00 .*03 .O.ls 1.00 .44 s.20

91 52.4n .42 10.00 3.02 n*.3 . On* *9M .44 %*?a

92 52.40o .20 1P.50 3.o6 .043 .003 .94 .45 SOPO

93 5'!.*f1 .20 18S 3.06 .043 OAn3 .94 .45 5.20

94 b2.40 .20 IP~bo 3.06 .063 OAf3 .94A .45 S.20

95 52.&O .20 10.50 3.06 .043 .003 .94 .4s %.2

96 5p.40 .20 1PO50 3.06 .043 O004 .94 .4s S.20

97 52.&n .20 i6650 3.06 .o' 00 OA3 . #4 .45 s.20

98 5;ý.40 .20 10.50 3.06 .0* *0:4 On 0*Q .4s S5*'C

99 2.60 .20 im.Sa J.0F, .043 *0-4 .94 .4s

100 S1.80o .10 1'.50 i!.94 .0*0 .04S 1.00 54 51

101 sp.*0 .4? 19.00 3.02 .043 *00' .96 44 5.20

102 52.40 .42 10.00 3.02 .003 .*o4 .9p .44

103 ba*40 ."? 113000 3.02 .0143 .0M4 .9p .&4

104 b7.40 e10 1e4.50 3.06 .043 .1)(3 .94 .4s q.20

Ins05 5. P0 .~0 1A.10 3.00 .033 .ftli .63 . 47 5 .fll

106 51.*ft .10 10.70 3.000 .033 on 3 *.3 .47

107 52.no .J' 10,00 3.00 .043 ."As :.00 .40 42

108 b2.010 . lif 19.00 J.00 .043 OAS5 1.00 .411

109 52.40 . 4e a L.o 0 0 30Z .063 .01& .00 . 5.2

110 $1.40 .20 1M.50 3.06 o&43 nR"3 .94 .4

III S2.4ft 0ý0 1a.Sn 3.04 .043 .0113 094 .4s q.23

II., bd.40 zo0 10.50 J.OA4 .041 .01) .44 ..5

SPInc.:.40 .42 19.00 3.02.03 .4 .9
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List of Symbols

______________________Description

TUS (7,t,) Tensile ultimate otreftt

TYS (~ty)Tensle yield strength (0.2% offset)
CYS (7cy) Cmrsieyield strengt

SUS Of)Shear ultimate strength

3BUS (7br) soan" ultimate strengh

MT (Pbr) leaving yield strangth

0 glongat Len
K MoDIUls of elasticity in tension

ModulusO Of elasticity in COMr*ssi0D
C Modulus of elasticity in *Iwer

Poisson's ratio
s~Density

C specific beat

A Ratio of maltrata stress to minm srs
(fatigue)

aSymols shiwn is Parentheses indicate sinims values used is de81ign



Data Basis for "Design" Properties stress-lifetime dataa are plotted as stress (usually

maximum stress) versus lifetime (number of cycles,

Tables of "design" mechanical and logarithmic scale). Individual plots arc usually
physical properties in this document indicate a made for each set of test conditions (stress ratio,
coded basis for the vIues presented therein, notch acuity, testing temperature) and product
This code employs the letters A, B, and S. which (product form, heat treatment, etc.). In addition,
are defined below, together with explanatory foot- tensile data (at temperatures below that at which
notes as required. The data basis indicated by creed is significant) and creep-rupture data (at
this code is applicable to the following proper- elevated temperatures) are employed as "fatigue"
ties: Ftu, Ft, cy, F, F Fbru, Fb_ , and e. It data for the limiting case where alternating stress
is n't applicable to elastic or physical proper-. is :ero (A - O, R 1).
ties (E, Ec, G, u, w, C, K, and a), which are
average properties, nor is a data basis applicable Within each plot a smooth curve is drawn to

to individual test data, averages, or plots of represent the mean of the plotted data. Then,

these data. from each related curve, differing only in stress
ratio, stresses are selected corresponding to one

The use of a data basis, together with or more arbitrary lifetimes. By convention, these

the designation of data as "design properties", lifetimes are in powers of 10 cycles (that is,

implies that the data have been reduced in some 103, 10s, etcjb; within the temperature rangn at

manner to minimum values, defined as follows: which creep occurs, the corresponding duration in
hours is usually indicated parenthetically (dur-

A basis. The A mechanical-property value ation - number of cycles/frequency).

is "tc value above which at least 99 per-
zcnt of the population of values is ex- On a constant-life diagram, these points

pected to fall, with a confidence of 9S are replotted, and smooth curves are drawn through

percent. the plotted points representing each lifetime.

Sbasis. The B mechanical-property value
is the value above which at least 90 per- The format used for these diagrams is that

cent of the population of values is ex- approved for use in Military Handbook S. It rcpre-

pected to fall, with a confidence of 95 sents a modified Goodman diagram, which has been

percent. rotated 45 degrees to permit horizontal and vertical

S basis, The S mechanical-property value scaling of maximum and minimum stress, respectively.

is t-e minimum value specified by the Diagonal scaling is employed for alternating and

Federal Specification, Military Speci- mean stress, and different stress ratios are indi-

fication, or SAE Aerospace Material cated by a series of straight lines radiating from

Specification listed for the material, the origin.

For certain products heat-treated by the This diagram may he used in many ways.
user, the S value may reflect a specified For example, to determine the maximum stress
quality-control requirement. corresponding to a specified lifetime and stress

ratio, one would find the intersection of the
Usually, only Ftu an~d Fty in a specified lifetime curve and the stress-ratio radian, then

testing direction are determined-in such manner read the coordinates of this intercept on the
that they cpn be termed A or B values, in accor- maximum-stress scale on the left margin of the
dance with the definitions given above. Like- plot.
wise, usually only Ft, Fty, and e are specified
in the governing specifications and can be termed A more detailed description of constant-
S values. However, ratioing procedures have been life diagrams may be found in AFIL-TR-66-386,
established by means of which other property "MIL-IIDBI-5 Guidelines for the Presentation
values for Ftu and Fty, and the sime basis is used. of Data" (February 1967).

A more detailed description of data bases
and the computational procedures used to deter-
mine design values Is presented in AFIL-TR-66-386 a Thu term "lifetime" may be applied either to
"MIL-IIBK-S Guidelines for the Presentation of rupture, the attainment of 0.2 percent plastic
Data" (Febrt'sry 1967). strain, or other life criteria as desired.

Constant-Lif, Diagrams (fatigue) Within the lower temperature range, tersile data

are presumed to be time-Indepenecnt and a single

Fatigue-test data in this document are value (TUS or TYS) is used for all lifetimes.
presented either in stress-lifetime (S-N) table% Creep-rupture data are first converted to equiva-
or curves or in constant-life diagrams, depending lent number of cycles at the frequency employed
on the type of data that are available. Since the in conducting the fatigue tests (number of cycles,
latter are not familiar to many readers, a brief n = time/frequency).

description of their construction and use may be
helpful.

Each constant-life diagram reprerents a
j4'- composite, or "cross-plotting", of related S-N

curves for several stress ratios. Initially,
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